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NEW AND AOCUEATE METHOD 

FINDING A SHIP'S POSITION AT SEA, 

BY PEOJECTIOS ON MEICilOE'S CHAET, 



FIRST, 

THE TRUE BEAKING OE THE LAND; 

SECONDLY, 

THE EEROBS OF lOKGIIUDE BY CHBONOIETEE, 

CONSEQUENT TO ANS EMOfi IH TOE UTITUJIE ; 
T H I K D LY, 

THE SUN'S TRUE AZIMUTH. 



THE PBIXGIPLES OF THE METHOD BEING EULLY EXFIADIEI) AND ILLDSIRATED BY 
EHOBLEMS, EXAMPLES, AHD BUTES, 

Bit Silts fcf mtitt, nil (Sanjlts fnm ^M ©IistitetiM. 



HY CAPT, THOMAS H. SUMNER. 



BOSTON: 
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LETTER FROM CAPTAIN W. HOMANS. 

Ship Thomas H. Perkins, cU Sea, Nov. 9, 1844. 
MesBrB. Thomas Groom & Co. 

Gentlemen : Agreeably to promise, I now write my brother, G. B. Wellman, 
W) pay you one dollar for the work of Captain Samner, and never have I spent a 
dollar with more satisfaction, or ever got more value received for the money. I 
have now given the work a fair trial, and am perfectly satisfied that it is the 
greatest diSiovery in the art of Navigation since the discovery of the longitude by 
chronometer, by Harrison, almost a century ago, and places Capt. Sumner, if not 
equal, certainly only seeond, to Nathl. Bowditdi, and I look upon it as what has 
been for a long time among the desiderata of Navigation. It has been a source of 
anxiety to the Navigator, to ascertain his latitude when meridian altitudes could 
not be got. The ordinary modes of double altitudes for that purpose, published in 
most works on Navigation, have not always answered the purpose sufficiently to 
entitle them to implicit confidence. The work of Capt. Sumner has supplied a 
remedy ; for any one with a reasonable knowledge of the rules and art of naviga- 
tion, can ascertain his latitude by following Capt. SumnerT! rules, whether he has 
a chronometer or not ; and if he has one, he can ascertain his latitude and longitude 
at any time when the sun, moon, or stars are visible, and there is a clear horizon. 
At the present time but few vessels are navigated without a chronometer, and Capt. 
Sumner has oontribnted to increase the value of that instrqiiieilt four filld. 

i have not the honor of a personal acquaintanpe with Capt. Sumner, but he ia 
one of thoBe web-foots whose acquaintance I shonld feel an edifying pleasure in 
cultivating ; at the same time, I am proud to see and acknowledge that this dis- 
covery has been made by an American ship-masler. This work should be in the 
hand of every master of a vessel, aye, and mate too, and should ba the never-failing 
accompaniment of Bowditch's great work on navigation. 

Wishing you and Capt. Sumner every success in the sale of this work which its 
merits entitle it to, 

I am your very hnmble and obedient servant, 

William Hohans. 



Entered aceoiiling lo Acl 


of CiHigreM, In Ihe jf 


!» 1813, 




By C*ra. TH< 


IMAS H. BUMNER, 






Inch, Clerk'. Omce of .he Dbtrio, 


1 Couit of the DLatrict 


of Ha4»d 
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BEC0MMENi)ATIONS. 



The following letter from ProfeeBor Peiro, of Harvard College, Cwnbridge, to 
J. iHaBBaoLL BowDiTCH, Esq., President of the American Insurance Company, 
is published by permission, 

Cambrisoe, 16th March, 1843. 
My dear Bowditch,— I have examined Capt. Sumner's processes, and they are 
founded on perfectly correct principles. I think his methods are especially valu- 
able, because they requite but one formula; and the Geometry is so simple and 
obvious, that it can eaaily be made intelligible to any man of good sense. 
Yours, truly, 
(Signed) BENJAMIN PEIRCE. 

In obedience to a resolution adopted at the last stated meeting of the " Naval 
Library and Institute," in the following words, to wit ; " Resolved, That a Com- 
mittee of three members be appointed to inrestigate the ' New Method of Finding 
a Ship's Position at Sea,' by Capt. Sumner, and report at the nest meeting." 
The Committee respectfully submit the following Ekport : 
"We have carefully examined the subject referredto, and find that Capt, Sumner's 
method of ascertaining "The Bearing of the Land; of finding a Ship's Position by 
projecting two of those Betirir^e, and of projecting the Sun's true A«imuth, &c.," 
are all founded on spherical prmciples, aa applied to Nautical Astronomy. 

And your Committee is of opinion, thai in practice, Capt. Sumner's discovery 
(for we can call it nothing else) will prove a useful auxiliary to the present know- 
ledge of Navigators, and, as euch, would recommend it to the attention of all 
persons interested in the promulgation and improvement of Nautical Science. 
(Signed) JAMES ALDEN, Lt. U. S. Navy, ) 

SAMUEL R. KNOX, Lt. U. S. Navy, U 
GEO. H. PREBLE, Passed Mid. U. S. N. ) 
" Naval Library and Institute," 
Navy Yard, Boston, April 30th, 1843. 

I certify the above to be a true Copy of the Report, 

(Copy) (Signed) W. WHELAN, Recording Secretary. 

Navy Yard, Boston, 9th May, 1843. 

Extract from the Nautical Magasine, published monthly at London, of an extended 
notice of this work, by H. Kaper, Lieut. R. N., attached to the Royal Hydro- 
graphical Department, and author of a celebrated practical treatise on Navigation : 
"This Method consists in a new use or application of a single altitude, ohaerved 
for the longitude by chronometer ; and as the suggestion is highly ingenioui and 
uery nsepal mien the ship is near the hnd, it will be rendering a service to our sea- 
men, few of whom can yet have heard of it, to make it known to them in the pages 
of the Nautical Magaiine." 

" Aa this Method arises out of the employment of the chronometer, it may be 
said greatly to enhance the uliUty of that instrument." 
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Letter from Captain Sturcis. 

Boston, July 8th, 1843. 
Captain Thonms H. Suinner, Sir : I have examined with much care and atten- 
tion your "New Method of Finding a Ship's Position at Sea," which I consider a 
valuable discovery. I have no knowledge of any nautical work that directs other- 
wise than that olfflervations be taken when the sun bears East or West; therefore 
I think your Method, when published, will be universally adopted by navigators. 
I therefore recommend it to all who feel an interest in the promotion of nautical 
science, as well as practical navigators. Wishing yon every success in your 
undertaking-, I am, very respectfully, your obedient servant, 

(Signed) JOSIAH STURGIS, 

Captain U. S. Revenue Cutter Hamilton. 

Letter from Capt. Albxandbr V. Fraseb, B. S, 

Bureau of Revenue Marine, Treasury Department, 
Dear Sir: Waskinbtos, Oct. 31, 1843. 

I have tested the accuracy of your methods, by calculations made from my own 
observations, and cheerfully bear testimony that the system is based on correct 
principles, and the value enhanced by the extreme simplicity. 
I am Sir, very respectfully, your obedient servant, 
(Signed) ALEXANDER V. ERASER, Capt. Rev. Service. 

Extract from a letter of W. W. Hunter, Lieutenant U. S. Navy. 
Dear Sir : Wa3hihgtoh, Nor. 10, 1843. 

Your book contains self-evident proof of the propriety of its title ; exhibiting 
indeed with beautiful simplicity a new and accurate method of finding a ship's 
position at sea. •••#•• 

• * • Estimating your labors to have been highly serviceable 

and honorable to our country, 

I am, very respectfully, your obedient servant, 
(Signed) W. W. HUNTER, Lieut. U. S. Navy. 

Extract of a letter from M. F. Maurv, Lieut. U. S, Navy, 

Hydrographical Office, Washington Citv, October 9, 1843. 
Sir: I have examined your book, entitled "A New Method of Finding a 
Ship's Position at Sea," and think highly of it. It may be considered as the 
commencement of a new era in practical navigation. 

An order has been given to supply every ship in the Navy with it. 
Respectfully, your obedient servant, 
(Signed) M. F. MAUEY, Lt. U. S. Navy. 

Extracts from letters of Lieut. McLaughlin, U. S. N. 

Washington City, September 14, 1843. 

Dear Sir : I have examined your book very carefully, and look upon it as one 

of the most valuable acquisitions which have been added recently to ^e science of 

Navigation. It has supplied a want which hag long been felt by the navigator, 

and Should be in the hands of every man intrusted with the care and safely of a 






strongly recommend it as a work which should be in the library of 
every ship in the Navy. I am, very respectfully, 

Sir, your obliged and obedient servant, 
(Signed) JOHN J. McLAUGHLlN, Lt. U. S. N. 
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NOTICE TO THE SECOND EDITION, 

The present edition Las been carefully revised; a few pages 
have ]}eeTi introduced upon the preference wLict ottains among any 
sets of double altitudes whicli can be observed ; the attention of the 
reader is therefore directed to the tables ^, B, and C, with the 
remarks annexed. 



NOTICE TO THE THIRD EDITION. 

Tflia edition has also been carefully revised, and several errors 
of the printer have been corrected. Two additional pages have 
been furnished, written by T. H. Safford, Jr., of Cambridge, which 
the publishers trust will add to the value of this already celebrated 
work on navigation. 
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TO THE EEADEE. 



It is not so mucli the object of this work to present the navigator 
with a new method of "double altitudes," as to afford him an accu- 
rate method of finding, by otm altitude of the sun, taken at any hour 
of the day, with the chronometer time, the true hearing of the land, 
when the latitude, longitude, and time at the ship, are from any 
cause uncertain ; and to place him on his guard, when near a 
dangerous coast, (and all coasts are dangerous when the latitude is 
not accurately known,) against those errorB of longitude Jn/ chronometer, 
which arise from an erron^ou^ latitude used in finding the apparent 
time at the ship; directing, particularly, his attention to the fact, as 
shown in these pages, that when the latitude is uncertain, a single 
altitude of the sun, at any time of day, when not less than eay 7° 
high, is, with a good chronometer, as useful as a Meridian Obser- 
vation for the latitude; and the errors above alluded to are 
rendered apparent, 

When a single altitude is thus calculated, one half of the calcular 
tion of a double altitude is finished ; and a second altitude furnishes 
all that can be desired, both latitude and longitude. 

Hence, it seemed proper to explain "double altitudes" by this 
method of projection ; and it is believed, that it has the advantage 
over any other method, in the simplidty of the calculation, and in 
{he foot, that ship-masters universally understand, and daily practice. 
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the numerical calculation, namely, that of finding the apparent time 
at the ship, which is the only one used. 

Many navigators, having taken morning sights for the chro- 
nometer, and supposing the ohaervation useless without "the 
latitude," vreit for the meridian observation, in order to deduce the 
longitude hy chronometer ; or, if the sun be obscured till afternoon, 
think a single altitude under such circumstances ia of small value ; 
and, by the common methods, with good reason ; for then the 
latitude by dead reckoning from the preceding noon must, in 
general, he used to find the apparent time at the ship ; and here ia 
the source of error; because, 26 to 30 hours having probably 
elapsed, in such time the ship may have sailed from 230 to 300 
miles ; if two days have passed without a meridian observation or 
double altitudes, then from 400 to 500 miles, in frequent caees ; 
and while sailing so far, a small current, with a small error in the 
log, (if one is used, but they are much out of fashion in these days,) 
will easily make an error in the distance of half a mile an hour, 
and of half a point in the course, and cause an error in the latitude 
by dead reckoning, and consequently in the longitude by chro- 
nometer. 

Suppose the course and distance sailed hy log to be east 300 
miles, from a place in lat. 50° N., when the sun's declination is 
23'28 S, ; but, from accidental causes, the true course and distance 
sailed is 315 miles E. J N. ; the difference of latitude is, in this 
ease, 30'9 miles ; but the dead reckoning gives 50° N. for the lati- 
tude to be used in finding the apparent time at the ship, if an 
observation should be now taken ; but, with the most favorable 
altitude, (which is the one that is nearest to the east or west points, 
when observed,) the least error of longitude hy chronometer is, in 
this instance, 1° 2' ; and with other, greater altitudes, it may bo 
many times as much, even when the chronometer is strictly accurate. 

None of the works on navigation within the writer's knowledge, 
exemplify or even hint at this important source of error, but merely 
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direct the observations to be taken when the sun hears as nearly 
"eaat or west as poss^le;" hut it is impossible, for nearly seven 
months in the year, to observe the sun in east or west points. 

It ja hoped, that the method by projection, which explains these 
errors, and renders a single altitude, taken at any hearing of the 
sun, available, in a similar manner as a meridian observation, will 
supply a want which every practical navigator must have frequently 
experienced. 

The latter pages of this treatise are intended to show the prin- 
ciples upon which this method depends ; and the problems there 
solved, and the examples given, merely as illustrations of those 
principles, in the order in which they are explained. 

It has been endeavored, to explain them in such a manner, that 
practical persons may be led, step by step, to the entire under- 
standing of the theory. 

Notwithstanding these might prove amply sufficient to enable 
many readers to put the principles in practice, yet, since there may 
be persons who might not be inclined to give them the attention 
necessary for this purpose, the more Practical Eulea are first intro- 
duced, so that all such persons may proceed at once to the adoption 
of this method. 

The present seems a fit opportunity to offer the chart relating to 
the currents in the Gulf of Mexico, at the end of the book; if it 
servo no better purpose, it will put the mariner on his guard, in 
those parts so fatal to the commercial interests. 



[2] 
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NOTE AND EXAMPLE. 

Br T. H. SAPJOBD, Je. 

Cambridge, July 28, 1851. 
Mestn. Groom ^ Co. : 

Gentlemen, — I have examined Capt. Sumner's methodj 
and made the annexed remarks upon it. I find it to he 
foimded on correct principles, and it seems to me likely to 
become generally useful. 

Tours respectfully, 

T. H. SAFFORD, Jr. 

ON SUMNER'S METHOD OF FINDING A SHIP'S PLACE AT SEA. 

It is always best to take the observation, if but one is 
taken, when the bearing of the sun is near eight points from 
the course you are sailmg. Also, an observation should not 
be taken too near noon, as the bearing of the land may 
be much affected by small errors in the altitude. The 
following rule may be useful for finding the bearing of the 
land. 

Calculate the longitude from the altitude, using the latitude by 
account, instead of the two nearest degrees, as given by Capt. 
Sumner ; also, when you take out the natural cosine of the sum or 
difference of the latitude and declination, talce out its natural sine, 
and when yon take out the log rising from Table xxiii. take the 



, Google 



11 

log. half elapsed time. To the log. rising add the log. sine of the 
latitude and the log. cosine of the declination, which will give a 
logarithm, which call A. 

Find the number corresponding to A, which subtract from the 
nat. sine of the sum or difference of the lat. and dec. before taken 
out, unless the latitude is of the same name as, and loss than, the 
declination, when add it to this nat. sin. Take the log, of this last 
sum or difference, and add it to the log, half elapsed time, together 
with the log. secant of the lat, and the log. secant of the dee. The 
sum, adding 5 '00000, will be the log. cotangent of the sun's 
bearing from the north. 

It will he known in which quarter the sun was when the obser- 
vation was taken, by the common rules, or by the compass. Project 
the place found by the latitude by account, and from this the bearing 
of the sun. Then draw a line at right angles to this, which will 
be the bearing of the land. 

E s A M p L E. — Same as Capt. Sumner's Mrst Example. 



Sum. 75 «h 
GAII. JS 10 



Lou, aS' 38" = 60 W © War. 8. by E. i S. = 8. 14= 12- E. cot. W-5%60 

Th^ log. cotangent of the sun's bearing is the log, of the error 
of long, for one mile of lat. : in this ease = 3 miles 9 tenths. 
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THE PRACTICE OF TEE METHOD BY PROJECTION, 

WITH EXAMPLES FROM ACTUAL OESERVAnON. 



It is a direct inference from the principles herein stated, 
that there is, by the common rules, but one proper instant 
in one day, namely, when the sun bears north or south, at 
which a single observation to find the latitude can be taken 
■with a correct result, imless the apparent time at the ship is 
accurately known. 

And when the latUiide is uncertain, that there are only two 
proper instants in one day, namely, when the sun bears east, 
and when he bears west, at which his altitude can be taken 
to find the longitude by chronometer with accuracy. 

All deviations from ^ese bearings of the sun, at the'time 
of observation, (in such circumstaiices,) are attended with 
errors of latitude or longitude, proportional to the angular 
distance of the sun from these points ; and these errors are 
frequently very great 

To remedy this difficulty, and render a single altitude of 
the sun, taken at any angle from the meridian, or from 
the east and west points, available", when the latitude and 
apparent time at the ship are, from accidental causes, un- 
certain, (the time of observation by chronometer being 
given,) the method of projection affords a svhstitide for a 
parallel of latitude, or a fneridian of longitude ; namely, a line 
diagonal to either of tWfee, and which is called a parallel 
OF equal altitude; which, when projected on Mercator's 
chart, according to the rules given, shows a ship to be on 
suck projected line, corresponding to the observed altitude ; 
in a similar manner as a ship is found to be on a certain 
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paralkl of ledUude by a meridian observidion; consequently, 
ihGprqjeded Une shows the bearing op the land, in a similar 
way as a parallel of latitude. 

And likewise if two altitudes be observed, the times being 
noted by chronometer, and the two lines corresponding to 
the two altitudes, be projected as before, then both the 
true latitude and true longitude is found at the i 
of the two projected lines. 



The following remarks are offered upon the corrections 
to be made at sea to any observed altitude of the sun, or 
other body. 

These corrections are commonly four ; namely, for par- 
allax, semi-diameter, dip, and refraction. 

The first two are found for the given time in the Nau- 
tical Almanac, and we have only to take them upon trust, 
as they are there laid down. 

But with regard to the la«t two, acciiracy depends, in a 
great degree, upon the observer himself 

With regard to dip, it should be remembered, that in 
the large ships buUt at the present day, the eye is so 
elevated (especially from the poop-deck) that the dip is 
fuUy X' more than has been usual. 

With some persons it has become a habit always to add 
12' to an observed mericUan altitude of the sun's lower limb, 
and from inattention they neglect to subtract the proper 
refraction, when the altitude is observed for the purpose of 
finding the apparent time for the longitude by chronometer : 
important errors will often occur, if the proper corrections 
be not strictly applied for different altitudes observed. 

In all observations for the latitude by two altitudes, by 
whatever method, aU these four corrections should be 
apphed with particular care. 

Both dip and refraction being svhtraetive, if the proper 
corrections be not attended to, the ^rror will be so much 
the greater. 
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The following thebb practical problems are deducted from 
the principles of the method. 

PROBLEM I. 

The latitude, longitude, and apparent time being uncer- 
tain, and one altitude of the eun being observed, at any 
hour, when sufficiently high above the horizon, the chron- 
ometer time being noted, and declination given; it is re- 
quired to project, on Mercator's chart, a line, diagonal to 
the parallels of latitude, and meridians of longitude, called 
a parallel of egvul aliitude, -which shall pass through the po- 
sition of the ship, and show by inspection, 

1st The bearing of the land. 

2nd. The errors of longitude by chronometer, to which 
the ship is subject for any in the latitude by dead 
reckoning. 

3d. The sun's true azimuth. 

Rule I. 

let Select two latitudes, one of which is the next decree 
(without any odd minutes) less, and the other, the next 
degree greater than the latitude by dead reckoning. 

2d. rind, in the usual way, the ship's longitude by chron- 
ometer, upon the supposition that she is in the least latitude 
assumed ; and project this position on your chart in a point, 
which call A. 

3d. Knd, in the same way, the ship's position, supposing 
she is in the greater assumed latitude ; and project this 
position also on your chart in a point, which call A'. 

4th. Join these two points by a straight line, which 
produce as far as necessary ; this Une is an arc of a "jmralkl 
of equal altitude ;" and it passes through the true position of 
tiie ship ; and whatever hnd it passes through, bears from 
the ship in the same direction as the line lies on the chart. 

5th. The error of longitude by chronometer, at the time 
of observation, to which the ship is subject for an error of 
latitude by dead reckoning, (when such latitude is used to 
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find the apparent time,) amounting to me degree, is the 
difference of longitude between the points A and A'; for 
half a degree, half that difference of longitude, &c. 

6th. Erect a perpendicular upon the projected straight 
line AA', on that side next towards the sun, and it will be 
in the direction of the sun's true bearing ; and the angle it 
makes '^th the meridian is the true azimuth. 



It will thusrfippear, that the ship is always situated on a line, 
which \s perpendicvlar to the sun's true bearing or azimuth. 
It follows, that the nearer an observation is taken to noon, 
the more accurately a bearing of the laud is ascertained, 
by this method, if the chrohometee itself be erroneous. 

If the observation be taken rtear to noon, (at other times 
of day a mistake would not be likely to happen,) and 
the declination and latitude in are both of the same name ; 
the sun bearing south in north latitude, or north in south 
latitude, neither of the two assumed latitudes must be 
greater than the sum of the declination and the complement 
of the sun's true central altitude; but if the sun bears 
north in north latitude, or 8outh,in south latitude, then 
neither of the assumed latitudes must be less than the 
diference between the declination and the complement of the 
sun's altitude; but when the declination and latitude in 
are of different names, neither assumed latitude must be 
greater than the difference between the decUnaiion and the 
complement of the sun's altitude. 

It may happen, when the altitude is near noon, that the 
difference of longitude of the two points, A and A', to be 
projected, may be greater than the extent in longitude of 
the "particular" chart in use ; in such case, the points may 
be projected on a "general" chart; or, what would be better, 
assume two latitudes, which are leas than one degree 
distant ; namely, one on each side of the latitude by dead 
reckoning ; the one being only ten miles greater, and the 
other only ten mUes less than the latitude by account ; or, 
if it be very near noon, five miles greater and less : taking 
care not to assume a latitude too great, or othenvise, as 
mentioned above. 
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With this restrictioii, it is immaterial what two neigh- 
boring latitudes are chosen, they may be either hoth greater 
or loth less, or me greater and the other less than the latitude 
by dead reckoning ; but, in general, when the sun is not 
very near the meridian, it will be more convenient to 
assume latitudes, one less, the other greater, and which 
have no odd minutes ; because their logarithms are more 
readily taken from the tables, as they are always at the 
top or bottom of the page. 

It is recommeded to use Bowditch's third method, 
for finding the apparent time; because it is something 
shorter, and there ia a convenience in placing the logar 
rithms, which neither of his first two methods admit 
The result, however, will be nearly the same, by either 
method. It is proper to mention, however, that method 1, 
(Bowditch,) has its own advantages, as explained in the 
Navigator. 

Several of the logarithms used in finding the apparerd 
time are the same for all the operations; which contributes 
to shorten the method, ia particular when two altitudes 
are observed. 

Example I. 

On 17th December, 1837, sea account, a ship haviag run 
between 600 and 700 miles without any observation, and 
being near the land, the latitude by dead reckoning was 
51° 37' N., but supposed liable to error of 10 miles on either 
side, N. or S. ; the altitude of the sun's lower Umb, was 
12° 02' at about lOi A.M., the eye of the observer being 
17 feet above the sea; the mean time at Greenwich, by 
chronometer, was 10" 47"" 13' A.M. 

Required, the true bearing of the land : what error of 
longitude the ship was subject to, by chronometer, for the 
uncertainty of the latitude : the sun's true azimuth. 

dip. — 4' 3" semi-dia. + 16' 8' 

refra. — 4' 23" px + 8' 



+ 16' 16" 
— 8' 26" 



correction of alt. obs'd. + 
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01»'d alt. O L. 1. 

Correction 

True alt. 0*8 centre, 



12" m 



Isi The latitude by. dead reeboning waa 51° 37" N.j 
he latitude the i^ext degree less^ without odd minute*^ i« 
11"^; and that, the next degree greatert is 52" N. 

2d and 3d, Find the longitude of these two pointy as 
oUows : 

O'S ALTITUDE 12° 10'. 

For the poind A m U^^ide 61' M. 



Lat. 61° N. - - - - 
Dec. 23 23 S. 


sec. 0-20113 
sec. 0-03722 


Sum. 74 23 nat. cos. 26920 
O Alt. 12 10 Bftt. Bin. 21076 

diff. - - §844 


leg, 3-76671 


1 43 59 from noo« s=e log rising 
12 hours. 


== 4-00606 


10 16 01 app. time at ship. 
3 37 eqna. time. 




10 12 24 mean time at ship. 
10 47 13 do. brchro. 




34 49 = 8° 42i' west of Greeavich. 


Fm- the peki -4' m ktithide 62° N. 


Lat. 52° K. - - - - 
Dec. 23 23 8. 


sec. 0-21066 
89G. 0-03722 


Sum- 75 23 nat. cos. 25235 
Alt. 12 10 nat. sin. 21076 




diff. - - ' 4159 


log, 3 ■61890' 


1 28 28J ftom noon = log rising 


= 3-86687 



31 31^ app. time at ship. 
3 37 equa. time. 

27 54^ mean time at ship. 

47 IS do. at Greenwich, bj chro. 

18i =. 4" 49J' west long. 
[3] 
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4th. On Mercator's chait, Plate HE, project the point 
A in latitude 51° N., longitude, 8° 42j' W. ; and project 
the point A' in latitude 52° N., longitude 4° 49j' W. 

5A. Joia the points A and A' by a straight line ; and 
the ship's position is upon this line : which, referred to the 
compass, is found to tend E.N.E. true; and shows, that 
jSthoITs UgM bears E.N.E. true from the ship. 

■6th. The error of longitude to which the ship was 
subject for 10 miles error of latitude, is 39 minutes, as 
projected. 

7th. The sun's true azimuth is 2 points from south, or 
S.S.E, as projected. 



The ship's true position, in latitude and longitude, at 
the time of this observation, is shown on the plate, as was 
actually proved by making Small's light. (See page 49.)^.? 

Had it been required to make Tuskar light, a northerly 
course might have been shaped, and such a "departure" 
made from the straight line A A', (30 miles in this case,) 
as would have brought Tuskar to bear E.N.E., and then 
the course again altered to E.N.E., and Tuskar would have 
been made as shown on the plate. But, as the wind was 
S.E., when this observation was taken, it was preferable to 
make Small's Hght. 

Thus, if the projected line does not pass through your 
port, a proper course may be shaped, by which you will 
ultimately make the land as desired, in the same manner 
as by a meridian observation; which may place you on 
a parallel of latitude, which passes some miles to the north 
or south of your port, or the head land you wish to make. 

The accuracy of your work may be very readily verified, 
by assuming a third or mtermediate latitude, (for instance, 
the latitude by dead reckoning,) and finding a third point, 
which project as before ; then, if the three points be not 
very nearly in the same straight line, you have made a rmdake 
in your work. It should be observed, however, that the 
middle point should in truth be a Httle out of the straight 
line, and in a direction from the sun, agreeably to the 
curves laid down in Plate I ; but with altitudes which are 



, Google 



19 

not great, it TTould be a very trifling difference from a 
straight line, indeed, scarcely perceptible. 

When the line is projected, your latitude by dead reck- 
oning gives your approMmate position in the Une ; that is, 
your approximate distance from the head-land through 
which the line passes. 

If the Une runs parallel to a coast, it gives your true 
distance from such coast In the above example, the true 
distance from the Irish coast is found to be 30 miles; and 
the true bearing of Smairs, EJ^ J]. 

Example II. 

On 4th April, (sea account,) 1840, at about 1, P.M., the 
correct central altitude of the sun was 60° 32', the mean 
time at Greenwich, by chronometer, 6'' 13" 66' P.M., the 
latitude, by dead reckoning was 32° 20' N., but supposed 
liable to an error of 10 miles on either aide. 

Eequired, the true bearing of the land ; the error of 
longitude by chronometer consequent to 10' error of lati- 
tude ; and Ihe sun's true azimuth. 

let The two latitudes to be used in the calculation, are 
32° N., and 33° N.; one on each side of the latitude by 
dead reckoning. 

2d. and 3d. Find the longitudes of the points A and A', 
having those two latitudes, as follows : 

For the point A in Icditude 32° N. 



Lafc. 32" N. 
Dec. 5 35 N. 


nat. COS. 89558 
nat. sin. 87064 

difF. - - 2494 
== log rising 
time. 

time P.M. at sHp. 
bj chronometer. 


Bee 
sec 

log, 


0-07158 
0-00207 


Diff. 26 25 
©Alt. 60 32 


3-39690 


55 51 p. m. 
3 21 equa. 

39 12 mean 

6 13 56 do. 


3-47055 



5 14 44 = 78° 41' west longitude. 
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Fsr the pmit A' m ktHtude 33° M. 



Lat. 33- N. 
Duo. S 34 N. 


lal. COS. 88768 
nat. sm. 87064 


■ see. 0-07641 
sec 0-00207 


Diff. 27 25 
© Alt. 60 82 






jiff. - - 1704 


log, 3-23147 


46 23 P.M. 
+ 3 21 »!«.. 


*= log riaiag, 
tim& 


«. 3-3089S 


9 49 44 mean 
6 13 66 do. 


time P.M. at flhip. 
chronometer. 

1' 03' west loflgitm 




5 24 12 = 9 


Ic. 



4th. On MefoaWs chart, plate IV, project the point A, 
ia ktitude 12° N., iMigitude 78° 41' W., and project the 
pmnt A', in latitude 33* N., loH^tude 81" 03' W. 

Stti. Join the points A and A', by a straight line ; tiiis 
line passes throu^ the position of the ship ; it is found to 
teiid 5f.W. fcy W. i W., showing that the land, situated 
alboat 10 miles sGuthwesteiiy, from C^arieston light, bears 
N.W. by W. i W. 

6th. The ertor of lon^twde by chronometer, to wbich 
the ^ip was Bubject from 10' error of the latitude, is seen 
to be 24' as set off on the plate. 

tth. The sun's true aznnath is also projected; his bearing 
being nearly S.S.W. \ W. 



If it be required to make Charleston light, then sail 
northerly from the line AA', until a departm-e from AA' 
is made equal to about 10 miles, then haul up N.W. by 
W. i W. until the light is seen. 
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PEOBLEM II. 

Two correct altitudes of the sun's centre being observed ; 
and the times of observation noted by chronometer ; the 
declinations at both times, and the latitude by dead reck- 
oning being given, and A.M. and P.M. times of observation 
noticed ; 

Required to project the two corresponding '^straight lines" 
on Mercator's chart, showing their mutual intersection ; 
the true latitude and the longitude by chronometer, and 
Ukewiee the results of problem I. 

Rule. 

Ist. Proceed as io problem I, to project the first 
straight line AA', which will correspond to the first ob- 
served altitude. 

2d. Proceed in exactly the same manner, to project the 
second straight line, (using the very same assumed latitudes, 
as before,) and it will correspond to the second observation ; 
name the two points in it, which have the assumed lati- 
tudes, B and B'; tafeing care to correct the declination, 
and likewise the equation of time, if any change has taken 
place in them between the observations. 

3d. These two straight lines will be found to intersect 
each other, for the most part between the two assumed 
latitudes ; if they do not intersect, then produce them to 
an intersection ; and the intersected point wiU be in the 
latitude and longitude of the ship, if she has not changed 
her station between the observations. 

4th. If the ship has changed her station ; then, set off the 
distance sailed between the observations, in the direction 
of the true course made good, from aw^ point in the straight 
line AA', through the point set off, draw a straight line 
parallel to AA', and produce it until it intersects the 
straight line BB' ; this new intersection with BB' is the 
position of the ship in latitude and longitude, at the time 
of the second observation, corrected for change of station. 

5th. The other requisitions of the problem are explained 
in problem I. 
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It followa, from the principles hereafter explained, that 
all observations by double altitudes are, in general, to be 
preferred, when the observations are taken at right angles 
to each other, by compass. 

If it be preferred, you may correct the first altitude for 
change of station by the usual methods, hefwe finding the 
apparent times ; and then the intersection of the two straight 
lines, AA' and BB' will be the ship's position in latitude 
and longitude at the time of the second (^servaiion. 

Example I. 

January 1st, 1839. The sun's correct central altitude, 
A.M., was 14° 23'; the mean time at Greenwich, by chron- 
ometer, being 11"" 8"" 18' A.M.; and when the time by 
chronometer was O"" 6" 44' P.M., his correct central altitude 
was 19° 33' AM.; the latitude, by account, being 43° 45' N. ; 
between the observations the ship sailed only one mile 
N.E. by E. 

Required the true latitude, and the longitude by chron- 
ometer, at the time of the second observation, &c. 

1st. The two latitudes to be used are 43° N. and 44° N. 

Fob the first altitude 14° 23' AM. 
To find the point A, in latitude 43° iV! 



Lat. 43° N. - - - 
Dec. 23 03 S. - 


- sec 
sea 


0-13687 
0-03613 


Sum. 66 03 nafc. cos. 40594 
O Alt. 14 23 nat. sin. 24841 






diff. - - 15763 


log, 


4-19736 


^2 40 03 = log rieing 
12 hours. 




4-36936 


9 Id 57 app. time A.M. ship. 
+ 3 42 equa. time. 




9 23 39 mean time at ahip. 
11 8 18 mean time chronometer. 







1 44 39 — 26" 9' 45" west longitude of A. 
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To finA the point A',, in loHiude 44° iV! 

Lat. 44° N. - - - - sec. 0-14307 

Dec 2S 03 S. - - - - sec 0*03613 

Sum. 67 03 nat. cos. 38&93 

O Alt. 14 23 nat. sin. 24841 

diif. - - 14152 log, 4-15082 

2 32 40 = log rising = 4 -33062 

12 hours. 

9 27 20 app. time A.M. at ship, 
-f- 3 42 equa. time. 

9 31 02 mean time at ship. 
11 08 18 do. chronometer. 

1 37 16 = 24' 19' west longitude of A'. 

Foe thb second altitude 19° 33' A.M. 
To find the powt B, in latitude 43° N. 



Lat. 43° 
Dec 23 


00 
03 


N. 
S. 




sec! 


0-13587 
0-03613 


Sum. €6 
G Alt 19 


03 
33 




nat. COS. 40594 
nat. sin. 33463 












diff. - - 7131 


log, 


3-85315 


•1 46 28 
12 hours. 


= log rising 

app. time at sliip, A.M. 
equa. time. 




4-02515 


10 13 32 

h 3 43 




10. 17 15 
12 06 44 


mean 
do 


time at ship, A.M. 
chronometer. 







27"' 22' 16" west longitude of B. 
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Ta find the fokt B', in hHtude 44' N. 

Lut 44" 00 K. - - - - sec 0-14307 
Dec. 23 03 S. - - - - seu. 0-03613 



Sum. 67 03 nat. cos. 38993 

O Alt. 19 33 nat. sin. S3463 



diff. - - «630 log, 3-74273 



10 


25 


39 


+ 


8 


43 


10 


29 


22 


12 


06 


44 



1 34 21 = logtising = 3-92193 

12 hours. 

app. time at ship, A.M, 
equa. time. 

mean time at ship, 
do. chronometer. 

1 37 22 =» 24° 2ff 3ff' west longitnde of B. 

r the point A, in latitude 43° N. 
2d. On Mercator's chart, J lon^tude 26° 9' 45" west, 
plate V, project 1 the point A' in latitude 44° N. 

1 longitude 24" 19' west. 
Join A and A', and this line w^ pass through the posi- 
tion of the ship at the time of the first observation. 

falso the point B, in latitude 43° N. and in 
Proiect J longitude 27° 22' 15" west 

^ I and the point B' in latitude 44° N., and in 
[ longitude 24° 20' 30" west 
Join B and B', and this line will pass through the posi- 
tion of the ship at the time of the second observation. 

3d, It is seen that these two lines intersect each other 
in latitude 44° 1' N., which is the true latitude, and the 
true longitude is 24° 18' west. 

4th. No correction is required for change of station, since 
the course sailed was m the first projected straight line AA' 
tending N.E. by E., the same as the course sailed. 

5th, The other requisitions of the example are projected 
as in problem I. 

Example II. 

On December 21et, 1838, the sun's correct central altitude 
was 20° 23' A.M., when the chronometer time was 1'' 34" 
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P.M.; and his correct central altitude was 25° 10' P.M., 
when the mean Greenwich time was 5" 55" 34' P.M. ; the 
latitude by account being 36° 08' N., and between the 
observations the ship sailed E.N.E. f E., 25 miles. Required 
to project, on Mercator's chart, the true latitude, and the 
longitude by chronometer, &c. 

1st. The two latitudes to be assumed, less and greater, 
than 36" 8' N. are 36° N. and 37° N. The declination is 
23° 27' S. and equation of time as under. 

For the piest aititcde, 20° 23' A_M. 

For the poird A, in latitude 36° N. 
Lat. 36 00 N. ... - sec 0-09204 

Dec 23 27 8. - - - - sec 0-03744 



Sam. 59 

© Alt. 20 



2 33 20 
12 KourB. 


9 


26 
I 


40 
40 


9 
13 


25 
34 


00 
00 



difF. 15999 log, 4-20409 

= log rising, = 4-33357 

app. time at ship, A.M. 
equa, time. 

mean time at ship. 

do. chronometer. 

4 09 00 = 62° 15" west longitude of A. 
For ihe point A', in latitude 37° iV. 
Lat. 37 00 N. - - - - sec 0-09765 
Dec. 23 27 S. - - - - sec 0-03744 

Sum. 60 27 . nat. coa. 49318 
O Alt. 20 23 nat. sin. 34830 

diff. 14488 log, 4-16101 

= log rising, = 4-29610 



app. time at ship, A.M. 
equation. 

mean time at ship. 

do. by chronometer. 

= 60° 34i' west longitude of A'. 
[4] 



2 26 
12 tours 


37 


9 


33 
1 


23 
40 


9 
13 


31 

34 


43 
00 
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For the second altitude, 25" 10' PJil. 



For the point B, in Mitude i 


38° H 




Lat 86 00 N. 
Dec 23 27 6. 




- sec. 
sec. 


0-09204 
0-03744 


Sum. 59 27 
G Alt. 25 10 


nat. COS. 50829 
nat. sin. 42525 








diff. 8304 

= . l»g "«■■■?. 
on time. 


log, 


3-91929 


1 4B 27 P.M. 
1 30 equati 


4-04877 



1 47 57 mean time at sliip, P.M. 
5 55 34 do. chronometer. 



4 07 37 = 61" 54i' west longitude of B. 

Mr the pant B', in hiitude 37° iV! 

Lat. 37 00 N. .... sec. 0-09765 

Dec. 23 27 8. - - - - sec. 0*03744 

Sum. 60 27 nat. coa. 49318 

O Alt. 25 10 nat. sin. 42525 

diff. 6793 log, 3-83206 

1 39 28 = log rising, = 3-96715 

equation time. " 

mean time at ship, P.M. 

do, chronometer. 

4 17 36 = 64" 24' west longitude of B'. 

Project on Mercator's chart, plate VI, the four points A, 
A', B, B'; in their respective latitudes and longitudes ; and 
jom A and A'; B and B'. If the ship had not changed 
her station, her true place would be at their intersection. 

3d. But since this is not the case, from any point, as P, 
in the Ime AA', set off the point D, 25 miles E.N.E. | E., 
the course and distance made good between the observa- 
tions; through D, parallel to AA', draw an indefinite 
straight line DB ; the intersection of DB with BB', is the 
ship's place at the second observation. 





1 30 


1 

6 


37 68 
55 34 
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4tli. The correction in miles of the fird altUnde, for change 
of station, is the perpendicular upon AA' from B to C, 
equal to 10' additive. 

The true latitude is 36° N. ; and the lon^tude, by chro- 
nometer, is 61° 54^' west of Greenwich. 



This observation was found to be accurate by meridian 
observation of the sun, as follows : 

O'e observed altitude was 30° 24' bearing S. 
11 correction. 



59 23 zenith distance N. 
23 27 declination S. 

The ship's intermediate ) 
position between the ohaer- > 35 58 latitude N. 
vations was at noon. 1 



PROBLEM III. 

When two altitudes of the sun are observed, and the 
times are noted by a "weU-regulated watch," for the elapsed 
time, the course and distance being given ; and it is re- 
quired to find the latitude only ; we may consider, in such 
case, that the "watch" shows mean time at an^ mmdian, 
which we may pleasp to assume ; in the same way as the 
"chronometer" shows mean time at the known meridian of 
Green wick 

We may, then, assume, as a first meridian, that of Green- 
wich ; and set the hands of the watch, previously to any 
observation, to the Greenwich mean time, as nearly as we 
rtmy he alls to estimate it, according to the supposed longitude 
of the ship by account And then we may regard the 
"watch" as a '^chronomder" 

Having done this, proceed exactly as in the two last exam- 
ples, to find the longitudes of A, A', B, B'; and project 
them ly that rule, and the true latitude will be found as 



, Google 



before ; but the longitude from Greenwich will not be 
found; since the watch shows only the approximate time at 
Greenwich. 

But it is not absolutely necessary to set the hajids of the 
Watch to the Greenwich time, but merely see how much 
the watch is fast or slow, of such' estimated time, and allow 
for the error, accordingly. Thus it is quite immaterial 
what hour and minute the watch shows ; it is only required, 
that the going of the watch between the observations is 
known to be accurate. 

By assuming that the watch shows Greenwich *ime, the 
resulting longitudes will be such as correspond in degrees 
to the chart in use ; otherwise, any other meridian might 
be assumed with equal success. 

The above method will be found the most simple, and is 
to be always used when the sun is the object observed ; 
but to fanuliarize the learner with the principles of this 
method, so that he can apply the method m all cases to the 
fixed stars and planets, the following example is given, in 
which the four points are projected by a different process ; 
for the rule to do this, the reader will refer to problem VI. 
and Example (pagirfiS;^ 

Example. 

On the 4th of January, 1839, sea account, between 2 and 
3 o'clock, P.M., the sim's true central altitudes were 15° 10', 
and 10° 30'; and the elapsed time was 46" 5'; the course 
and distance made good between the observations, being 
EJ?J.R, 6 miles; the latitude, by account, 46° 25' N. Re- 
quired the true latitude, at the time of the second obser- 
vation; the correction of the first altitude for change of 
station ; the sun's aaimuth at each observation. 

1st. The elapsed time is 46" 5' = 11° 31' 15", or the 
difiference of longitude of Z' "West of Z. 

2d. The two latitudes to be assumed, wiU be 46° N. and 

4r N. 

3d. Find the apparent times "frmi mon" as follows : 
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POE THE FIRST ALTITUDE, 15° 10' P.M. 

For the point A, in laiiiude 46° iK 

Lat. 46 00 N. - - . . gee. 0-15833 

Dec. 22 511 S. - - - - see. 0-03552 

Sum. 68 51J nat. cos. 36068 

O Alt. 15 10 nat. sin. 26163 

diff. 9905 log, 8-99583 



2 '9 12 = log rising, = 4-18960 

2 9 12 = 32" 18' diff. longitude east of Z, Iw- ) 

cause P.M., of a point A, in latitude 46° N. \ 

For the poini A', in htUude 47° N. 



lat. 47 00 
Dec. 22 61J 


N. 
S. 


- 


- sec. 0-16632 
soc. 0-03552 


Sum. 69 61J 
Alt. 15 10 




nat. COS. 34435 
nat. ain. 26163 








diff. 8272 


log, 3-91761 


1 68 65 


= 


log rising, 


= 4-11935 



58 55 == 29° 43|' diff. longitude east of Z, be- ? 
cause P.M., of a point A' in latitude 47° N, 

For the second altitude, 10° 30' 
For the point B, in latitude 46° M. 



Lat. 46 00 N. 
Dec. 22 5U S. 


- 


- sec. 
sec. 


0-15823 
0-03552 


Sum. 68 51i 
O Alt. 10 30 




nat. COS. 38068 
nat. sin. 18224 








s= 


diff. 17844 
log rising, 


log. 


4-25149 


2 55 22 


4-44524 



55 22 = 43° 50i' diff. longitude east of Z', be- ) 
cause P.M., of a point B in Utitudc 46° N. 
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For ihe pM B', in 



47 00 N. 

22 51 i S. 



Lat. 
Dec. 

Sum. 69 51 i 
O Alt. 10 30 



sec 0-16622 
sec. 0-03552 



nat. COS. 34435 
nat. sin. 18224 



16211. log, 4-20981 



48 23 = log rising, = 4-41153 

48 23 = 42° 5|' di£F. longitude east of 21, be- ) 
cause P.M., of a point B', in latitude 47° N. \ 



A in lat. 46 N., is eaat of Z, 
Z is east of Z', - 



- 32° 18' 
11 31i 



A is, also, east of Z', - - = 43° 49^' 

Project A, on the chart, plate VII., in latitude 46° N., 

and in any longitude ; and mark it, east of Z, 32° 18' ; and 

^s^o/Z'j43°49i'- 

A', in lat. 47° N., is east of Z - 29° 43|' 
A 46° N., is east of Z - 32 18 



A' is west of A - - - = 2 34i 
Project A', in lat. 47° N., and 2° 34^' west of Aj mark 
it 29° 43|' east of Z'. 



A is eaat of Z' 

B in lat. 46° N. is east of Z' 



43° 49i' 
43 50i 



B is east of A - - - = \\ 

Project B', in lat. 46° N., Ij' east of A, and mark it 
r 50r east of Z'. 



A is east of Z' 
B', in lat. 47° K, 



tof Z' 



42 5% 



K IS west of A - - - = 1 43i 
Project B', in lat 47° N., 1° 43^' west of A, and mark 
it 42° 5|' east of Z'. 

5th. Join by straight lines A, A', and B, B', from any 
point, as P, in AA', set off the point D, with the course and 
distance, E.N.E., 6 miles ; through D, draw a line parallel 
to AA', and its intersection with BB', is the true latitude 
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at the time of the second observation, namely, 46° 15|' N. 
6th. The correction of the first altitude is 5 miles sub- 
tractive, as projected by the rule ; the bearings of the sun 
are also projected. 



If the sun's true azimuth coiild be always exactly observed, 
it would be necessary to find the longitude of orUf/ one 
joint in each straight line ; and that might be found by 
using the latitude by dead reckoning to get the apparent 
time ; for then, if a line be drawn on the chart, through 
this point in lie exact direction of the sun ; and a second 
liup be drawn "through the same point, and perpendicular 
to the first line ; it would show the bearing of the land 
&c. as before ; and if two altitudes were taken, and the 
lines thus projected, the latitude and longitude would be 
very easily found — but unless under very favorable cir- 
cumstances this cannot be done with sufficient accuracy ; 
and the only safe way is to find the position of two points 
in each line as directed. 

It is evident, that, having found the position in latitude 
and longitude of the two points in either straight line, 
the bearing of one from the other is easily found iy case I. 
Mercator's sailing ; and thence the bearing of the land; but 
still it is preferable to project them. 

The latitude may be found by this method of calculation 
from two altitudes, without projecting the straight lines, as 
follows. Note the elapsed tune by wat«h or chronometer, 
(in example, problem III, this was 46" 5';) with both alti- 
tudes, find the apparent times from noon, using either one 
of the two assumed latitudes ; take the ditference of these 
times ; (in example, problem III, the times for ©'s altitude, 
15" 10' and 10° 30', in assumed latitude 46", were 2" 9™ 12" 
and 2" 55™ 22"; their difference is 46™ 16';) which difference 
of times (46" 10') wmild have been the elapsed time, if the true 
latitude had been 46° ; but 46" 10" is 5" greater than the 
elapsed time noted by watch ; do likewise with both alti- 
tudes, using the other assumed latitude ; (we have, example 
problem III, for latitude 47°, the times 1" 58" 55", and 
2" 48" 23'; their difference is 49" 28";) which difference 
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as 

would have been the elapsed time if the true latitude had 
been 47°; but 49" 28' ia 3" 2^' ffreater than the elapsed 
time noted, (46" 5*;) therefore, in this example, the further 
north we assume a latitude the greater we make the error 
in the elapsed time ; and we may already see that the true 
latitude is not so much as 46° N. Now take again the 
difference between 46" 10', (the elapsed time if the latitude 
be 56°,) and 49" 28', (the elapsed time if the latitude be 
47° ;) this difference is 3" 18" ; then make this proportion ; 
if 3"" 18' is the error of elapsed time, caused by an error of 
latitude of 1°, what is the error of latitude (to be subtracted 
from 46° N.) caused by an error of 5' of elapsed time t 

By proportional logarithms (Table XXII, Bowditch,) we 
have 



is to - - !• 

BO i. - - 0- 
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5' 

sr 

00" 


latitude 
of AA' 


•4771 
3-3345 

log 2-0748 


45° 58' 


29" 


f the intersection 
and BB'. 



By reference to plate VII, we see that the straight lines, 
AA' BB', intersect each other a Uttle to the sovth of lati- 
tude 46°; no change of station being allowed; to find the 
true latitude, according to the example, we should have 
first corrected the first altitude for change of station ; and 
then proceeded as above. The longitude also may be 
found when the times are noted by chronometer, by a 
similar process. 



What are the errors to whicli observations calculated by 
the method of projection are subject? 

The only calculation used, is that for finding the ap- 
parent time. For this purpose, three tbin^ are necessary ; 
the latitude, the declination, and the altitude ; if all these 
be accurate, we have the true apparent time ; and if the 
chronometer be right, we have no error ; now, by assuming 
the latitudes used, no error exists in this element; the 
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declination also may be considered accurate ; and the only 
remaining source of error is in the altitude observed ; and 
excluding such as may arise from inaccuracy of noting the 
times, of adjustment, reading off, &c., which ordinary care 
will prevent, this error is usually less than two miles, and is 
due to irregularity of refraction, and the occasional unfitness 
of the horizon; but we may find, that by the conxmon rules 
and with a single altitude, this wiU maJte a large error in 
the ^-p's position by chronometer, as the sun approaches 
the meridian ; because the resulting time is appHed directly 
to find the longitude. When the sun bears east or west, 
the error of time wiU be exactly equal to the error of alti- 
tude turned iato time; but as the sun approaches the 
meridian, the error of time continually increases, thus 
causing continually increasing errors in the position by 
chronometer. 

But by this method, the error in a hearing of the land, ly 
a single altiiude, at any hour, is always equal to the error of 
altitude ; as when a meridian observation is observed one 
mile too great, the bearing of the land in the parallel of 
latitude resulting, is only one mile erroneous. There is no 
reason, then, why we may not observe a single altitude of 
the sun at my bearing, to find a bearmg of the land by 
this method. 

It wa^ remarked that, as a general rule, any two obser- 
vations for" tfowSfe tdtitades" sxe to be preferred, when taken 
at right angles to each other in azunuth ; and this is be- 
cause a small error in either or both altitudes observed, or 
the times noted, will never occasion, in such cases, but a 
trifling error in the position on the earth's surface ; indeed 
the position will then be determined within a space on the 
earth's surface the least possible, having any ^ven error Of 
altitudes or times ; but the same errors of altitudes or times 
will always occasion greater errors of position, when the 
difference of azimuth between the two observations is 
either greater or less than eight points. 

But at the same time "the latitude" may be determined 

in many cases, with greater accuracy, if the two observations 

have either a less or greater difference of azimuth than 

eight points, than when they are taken at right ; 

[6] 
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but such cases are usually most unfavorable for finding 
"the longitude," or the apparent time; again, "the longi- 
tude" may also be determined, in many caseSf in a similar 
manner ; but such cases are usually most unfavorable for 
finding "the latitude." 

The considerations which follow will show the degree of 
cmfidmee that may be placed in every set of double alti- 
tudes that can be observed ; and the particular advantages 
of each ; and, in general, show first, that, towards whatever 
point of the compass the me(m between both the azimuths 
18 directed, the same difference of azimuth, and also its sup- 
plement, will give the position within the same limits in 
space on the earth's surface ; but that different differences 
of azimuth will give different Umits in space, and these Umits 
wiU be the greater, the more the difference of azimuth 
varies from eight points ; and secondly, that the value of 
ajiy set of double altitudes, to determine "a latitude" or "a 
longitude," depends jointly upon the difference of azimuth 
and the azimuths themselves, at which the observations were 
made; or, for convenience of explanation and reference, 
upon the difference, and upon the mean of the azimuths. 

These remarks, it will be distinctly kept in mind, are not 
peculiar to this method alone, but apply equally to all me- 
thods of double altitudes, even to the common daUy method 
of a meridian altitude, and an east or west sight for the 
longitude, which is only a particular case of double altitudes. 
If all errors were expunged from the declinations, the alti- 
tudes, and the times noted and the logarithms in the tables 
were carried to a sufficient number of places,*no error would 
exist in either "the latitude" or "the longitude," or the 
position in space, at whatever azimuths two altitudes were 
observed; and it is the liabiHty to error in some of these 
quantities which establishes a preference among different 
sets of observations. The estimate of the effect of such 
errors therefore becomes important ; and among the quan- 
tities mentioned it will be necessary only to consider the 
errors of the altitudes and of the times. 

Every altitude observed is hable to three conditions ; for 
it will be either exact, or too great, or too small ; and the 
chojiges of position, resulting from two altitudes, which are 
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each liable to three changes, will be nine, according to the 
following 

List of Conditions. 

Position 1. When bott altitudes are exact. 

2. When botk altitudes are too great, 

3. WdeQ both altitudes are too small. 

4. When the first is exact, but the second too great. 

5. When the first is exact, but the second too small. 

6. When the secoud is exaot, but the first too great. 

7. When the second is exact, but the first too small. 

8. When the first is too great, but the second too small. 

9. When the second is too great, but the first too small. 

The manner in which these conditions affect the position 
in space will be seen in the following diagrams, in all of 
which the error of the altitudes is one mile. The projected 
lines, AA', BB', fig. 1, are supposed to be those resulting 
from two altitudes which were exactly observed, when the 
object bore east and south, as in the common 
method of finding the ship's place ; here 
, the difference of azimuth is eight points, and 
^ the mean aaimuth, S.E., or four points ; the 
position in this case is at their intersection 
at the numeral 1 ; but if hoih altitudes were 
observed one mile too great, then the line 
AA' must be removed westward one naiitical mile to the 
position of the line aa'; and the line BB' must be removed 
one mile northward to the position of the line hV; then the 
ship's position will be at their intersection at the numeral 
2 J that is, the error of "latitude" will be one mile, and that 
of "longitude" one nautical mUe; but the error or limit of 
position in space on the earth's surface is the distance 
between the intersections at the numerals 1 and 2 ; or by 
the traveree table 1'41 miles of distance, and on a four 
point course. 

The numerals at the other intersections correspond with 
those of the different positions annexed to the above list of 
conditions; some of these affect only "the latitude," as at 
4 and 5; some only "the longitude," as at 6 and Y; and 
some both, as at 2, 3, 8 and 9. Whence it is seen that the 
error of position in space, 1-41 miles, takes place in the 
direction of (S.E. and N.W.,) and at right angles to [N.E. 
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and S-W.,] tlie mean azimuth, [S.E.;] and that these limits 
in these directions are represented by the diagonals of the 
parallelogram 2, 9, 3, 8 ; for if we know not whether the 
error of the altitudes be too great or too small, we cannot 
be sure of the position in space on the earth's surface within 
the space enclosed by this parallelogram ; the extreme error 
in space is then represented by a parallelogram, whose 
diagonals are each 2*82 miles in length, and which lie, the 
one in the direction of the mean azimuth, and the other at 
right angles to it ; the parallelogram being a square when 
the difference of azimuth is a right angle, the diagonals will 
be equal. And we may infer that the bearings of the land 
in the directions of the diagonals are not so well determined 
by 0*82 miles as in the directions at right angles to each 
azimuth respectively ; that is, the observation is the most 
favorable for determining "the latitude" and "the longi- 
tude;" and we shall also see that position in space is as 
favorably determined, whatever the mean azimum may be, 
the difference of azimuth being eight points. 

Suppose the object to have been observed when bearing 
S.E. and S.W., iig. 2. Here the difference of azimuth is 
eight points, as before, but the mean azimuth is south, or 
points; but *the latitude" is affected as at 
\ 2 and 3, instead of at 4 and 5, as in fig. 1 ; 
' the longitude at 8 and 9 instead of at 6 and 
7 ; and both at 4, 5, 6, 7, instead of at 2, 3, 8, 
9 ; but the extreme error of position on the 
i dearth's surface is the same as before, 2-82 
miles ; in the direction of the mean azimuth, 
N. and S.; and the same quantity, at right angles to it, E. 
or W.; hence we infer that the former case, fig. 1 is more 
favorable to find the latitude or the longitude than fig. 2, 
by 0-82 miles (extreme;) although the position in space is 
equally well determined in both figures ; the alteration iu 
the direction of the mean azimuth having no effect on the 
parallelogram, except to turn it about on its centre ; and it 
is obvious that the bearings of the land at right angles to 
each azimuth respectively, that is? in N.W. and S.E., and 
S.W. and N.K directions, is more favorably found, by 0'82 
miles, than in the direction of, and at right angles to, the 
mean azimuth ; that is, in this case, than in E and W., or N. 
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and S. directions; we see here, in some degree, tlie de- 
pendence of the accuracy of the latitude and the longitude 
upon the direction of the mean azimuth, the difermce of 
azimuth being the same in both figs. 1 and 2. 

But an error of one mile in the altitudes will occasion a 
greater error of position in space on the earth's surface, and 
will affect the latitude and the longitude in various degrees, 
when the difference of azimuth is greater or less than eight 
points. 

Let AA', fig. 3, be the line resulting when the object 
bears E. | N.; and BB' that resulting when it bears E. | S.; 
Fig. 3. which is a difference of azimuth of one point, and 
"*" the mean azimuth is eight points, or east; then 
when hoth altitudes are exact, the position will be 
at the numeral 1 ; but if hoth altitudes are too 
great, it will be at 2; being an error of l-Ol 
nautical miles in the direction of the mean azi- 
muth, or E. and W. ; and when the intersection is 
at 8 or 9, the error of the position will be 10'20 
miles at right angles to the mean azimuth ; thus 
wilt the esdreme error of latitude be equal to one, 
and the extreme error of longitude be equal to the 
other diagonal of the parallelogram, 9, 2, 8, 3, 
which includes the position of the ship, the mean 
azimuth being east ; and the error of position in 
space is also increased ; here the greatest diagonal 
, is at right angles to the mean azimuth, and the 
it in the direction of it ; the longitude is found 
within the extreme error of 2-02 nautical mUes, 
and the latitude within the extreme error of 20 '40 miles. 

If using the same fig. 3, we suppose BB' to result from the 
first altitude, the object bearing E. \ S., and AA' to result 
when it bore W. \ S., that is, with a difierence of azimuth 
15 points, [the supplement of one point] and a mean azi- 
muth, south, or points, the figures of reference only being 
changed in the diagram, the same effect wiU. be produced, 
as regards the aze and situation of the parallelogram; but 
the greatest diagonal is now in the direction of the mean 
azimuth, and the lead at right angles to it. 

It will be easy to see that if fig. 3 be turned about its 
centre until the mean azimuth is south, the azimuths being 
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only one point, as before, that the greatest error will be at 
right angles to the mean azimuth, and that the latitude will 
then be found within an extreme error of 2*02 miles, but 
that the position in space, on the earth's surface, is equally 
well found as when the rnetm azimuth is east, or eight points. 
Intennediate directions of the mean azimuth will equally 
well determine the position in space, having the same 
difference of azimuth, but the latitude and longitude will 
suffer a change. 

Thus, in fig. 4, the object is supposed to be observed, 
bearing S.E. i E., and S.E. b E. i K, or with a difference of 
azimuth of one point, and a 
mean azimuth, S.E b E. or 
5 points; the change in the 
mean azimuth does not affect 
the size of the parallelogram, 
but only its position, turning 
it on a centre, through three 
points of the compass, or from 
east to S.E. b E. ; but the 
latitude and the longitude are 
both affected; half the ez^reme 
error being represented in the 
former, by the hne L. 9 ; and 
in the latter by the line L. 1 ; 
the extreme errors being 16' 96 
miles latitude, and 11'34 nau- 
tiutil miles longitude ; but we have, notwithstanding, the 
bearing of the land in the directions of N.K b N., S.W. b S., 
or at right angles to the mean azimuth, determined within 
the extreme limit of only 2-02 miles; but in the direction 
of the mean azimuth, or S.E b E., N.W". b W. with an error 
of 20-40 miles. So on the whole, the observation is just 
as good as in fig, 3, notwithstanding the errors of latitude 
and longitude are so considerable. 

Altitudes with other differences of azimuths, and other 
mean azimuths, are subject to similar laws. But whatever two 
observations are made, a bearing %i the land may always 
be found which shall be subject to no greater extreme error 
than 2-82 miles for one mile error of the altitudes. 

To exhibit at one view the degrees of preference which 
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obtains among any set of double altitudes, the following 
tables are constructed upon the above principles. If the 
difference of azimuth be found in the left hand column, 
[Col. L.] then the mean azimuth must be sought at the 
head or foot of the double columns, among those which are 
marked with the letter L. ; and if found at the top, the 
precepts "Lat. Dep." must be read at the top; otherwise at 
the bottom ; and similarly with regard to the bight hand 
column, [Col. R.;] the tabular numbers show in nautical 
miles the error of latitude and of departure, [to be con- 
verted into difference of longitaide as usual,] consequent 
to an error of one mile in the observed altitudes; this gives 
the error reckoned from the cerdral point of the parallelo- 
gram formed ; or from the intersection given by the obser- 
vation ; but if it be uncertain whether the error of altitude 
be too great or too small, then the extreme error will be 
double the tabular numbers. An error of two miles in the 
altitudes wO be double that of one, and so on. 

The tabular numbers which are underscored, show that 
one of the altitudes must have been observed either in the 
meridian or the prime vertical, the error being equal to the 
error of altitude allowed, I'OO mile. 
TABLE A. 



Col L. 


ME.N- AZIMUTH m POINT.. 


Col R. 


DiffMenco 


L R 
0. 8. 


L R 
1. 7. 


L R 
3. 6. 

!•«. 1 Dep. 
3'90 1 9'43 
1-96 4-73 
1'33 3' 18 
1-00 3-41 
1'04 1'96 
Ml 1-66 
1-19 1'45 
1-31 1'31 
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1^ 
1-03 
1-OS 
1-08 
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5-13 
3'44 
3'61 
3-13 
1'80 
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3 
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7 
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3'56 
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2-84 
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1-45 
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I'OO 
1'07 
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1'50 
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1'50 
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1'27 
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I'OO 


15 
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of..m„.. 


3 
L E 


7 1 
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6. 3 
L R 


5. 3!4. 
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4. 
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mpotab 


MEAN AZIMUTH IN POINTS. 


mpcinu. 



The order of preference which obtains among the dif- 
ferent sets of double altitudes, to determine a latitude or a 
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longitude, is evident by a careful inspection of the tabular 
nxmibers of table A; but although the tabular numbers 
abreast of any particular difference of azimuthj differ con- 
siderably, yet all the numbers in the same line are equally 
well suited to determine the position in space as shown by 
referring to table B. 

Table B. contains the same numbers at the first column 
of table A, and the tabular numbers represent, in nautical 
miles, half the length of the diagonals of the parallelograms 
formed, which include the position in space on the earth's 
surih(Ce, the errors of altitudes being one mile ; one of these 
diagonals being in the direction of any mean aaimuth, and 
the other at right angles to it ; the tabular numbers must 
of course be doubled to find the extreme error. 

The precepts at the top of columns must be read, if the 
difference of azimuth be found on the left of the table ; 
otherwise, at the bottom. 

Table C shows the increase of the extreme area within 
which the ship is situated, according as the difference of 
azimuth varies from a right angle, the error of altitude 
being one mile. 
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The inspection of tables B and C shows that, when the 
difference of azimuth is eight points, the position in space 
is most correctly determined; and table B also shows, 
that, whatever two observations are made, that one of the 
diagonals will always be not greater than twice 1-41 miles; 
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consequently that the bearing of land at right angles to 
this diagonal will be found within the extreme error of not 
more than 2 -82 miles. 

Tables B and C show, generally, that the limits of a 
ship's position depend wholly on tiae difference of azimuth ; 
while table A shows that the accuracy of "a latitude" or 
"a longitude," found by double altitudes, depends johitly 
on the difference, and on the mean, of the azimuths. 

The error of latitude, or of longitude, or of the position 
in space consequent to an error in either or both the times 
noted, is exactly analogous to the errors just stated; and 
the same ground might be gone over, a list of conditions 
and similar tables formed, but this will be unnecessary; 
it may be stated, however, that the number of changes of 
position resulting from two altitudes and itoo times noted, 
which four quantities are each liable to three conditions, will 
be 81; butif the effect of an error of the time be equal to the 
effect of the error of altitude, this number will be reduced 
to 25 ; for then the errors will frequently cancel each 
other ; by supposing the error of time changes the position 
of a projected line just as much as the error of altitude, we 
may represent the various changes, by drawing a line 
parallel to each of the sides of any of the parallelograms 
in the preceding diagrams, and at a distance from them of 
one mile ; the parallelograms will then be four times their 
former size, and their diagonals douUe their former length, 
and we shall have the combined result of an error of time 
and of altitude by doubBiff the tabular number of tables A 
and B, and the extreme error by multiplying them by 4. 

But it must be considered that, with a good time-keeper, 
the error of noting the times, together with any error of its 
performance during the elapsed time, must always be very 
small, perhaps not a secpnd, particularly if attention be 
paid to apply the proportional part of its daily rate to the 
part of a day which has elapsed between the observations 
and an error of so small an amount will make no error of 
consequence except in the most exirmne cases. 

An absolute error in the chronometer will, of course, 
occasion an absolute change in the longitude ; changing the 
whole parallelogram to a more eastern or western position 
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only; and this error must not be confounded with the 
'■^ difference of longitude" occasioned by the error in the 
times noted, or altitudes observed; which are rekdim only 
to the central point of the parallelogram, which is at the 
intersection given by the observations. 

But, after all, we may readily find, by inspection of any 
observation projected on a chart, the small limit of error 
to which it is liable ; for by drawing a parallel line on each 
side of each projected **paraLlel of equal altitude," at the 
greatest distance from it that it is possible for the altitude 
to be erroneous, we shall have the extreme limit of error ; 
and thus know what degree of confidenee can be placed 
in every altitude observed; and hence in the bearing of 
the land, by one altitude ; and in the latitude, or in the 
longitude by chronometer ; or in the position, when two 
altitudes are observed. 



That the navigator may see, at a glance, the errors of 
longitude by a strietly accuraie chronometer, to which he is 
subject, for an error of the latitude used in finding the 
apparent time of the ship, when he cannot get sights of 
the sun at the time he bears E. or W., the following table 
is calculated upon the principles of this method. 

This wiU serve as a guide to know the greatest error of 
longitude consequent to anp observed altitude; but then 
the greatest possible error of latitude must be allowed for 
this purpose. 

But since the real error of latitude cannot be known by 
one altitude, (except it be a meridian observation when the 
error of latitude is equal to 0,) it will still be necessary 
"to project" the observation as directed, finding thereby 
the hearing of the land, in a similar way as by meridian 
observation. 
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TABLE D, 

errors of hngitude ly chronometer, in nautical Tiiiles, 
[60 ^0 a degree of laMtudei\ for one mile error of the htitiiik 
used in finMng the apparent time at the ship; when the sun 
DOES HOT hear true K or W. ai the time of observatimi. 
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0-049 


4* 


1-103 


1 


0-098 


i\ 


1-219 
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O'MS 


4| 


1-348 
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0'199 
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1-497 


li 


0-2.50 


5J 


1-669 


i| 


0-303 


6S 


1-871 


i| 


0-358 


6i 


2-115 
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0-414 
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2-414 


24 


0-473 


ej 


2-798 


2! 


0-635 
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3-297 


2| 


0-699 


H 


3-992 


3 


0-668 




6-027 


3S 


0-742 


71 


6-741 


Si 


0-821 


n 


10-153 


3i 


0-907 


71 


20-356 


4 


1-000 


8 


Infinite 



To know if this error of longitucle be to the E. or W. of 
the true longitude, tlie following Rules are given, and wiU 
be found to include every case. 



Tf II > n 1 > -1 southerly when in N. latitude, | 
I northerly when in S. latitude, J 

And the time of observation be A.M., then, if 
the laMtude, used in finding the apparent time, be 
than the true latitude, the longitude will be too far 

But if the time of obseiwation be P.M., then, if 
the latitude, used in finding the apparent time, be \^'!S"\ 
than the tnie latitude, the longitude will be too far \ e™J; \ 






If By amplitude is heve to he uaflersWod tlie angulnr distance of the sun from the 
lirime verlicui, whether the sun Tie in the horiion or above it; it wnnW he pcvhnps move 
proper to call it Uio co-a^minih. 
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A J I i.T. -^ 1, f northerly in north latitude, \ 
And when the o bears | ^_^^j^^ ^ ^^^^ j^^j^^^^^ j 

And the time of observation is A.M., then, if 
the Mitvdt used in finding the apparent time be \^Tl''\ 
than the tiue latitude, the longitude will be too far | S: \ 

But if the time of observation be P.M., then, if 
the latitude used in finding the apparent time be \^u^i'\ 
than the true latitude, the longitude will be too far \ ^^t \ 

NOTE. 

After the vernal equinox, when in north latitude, obser- 
vations may be often taken when the sun bears to the 
northward of the E. and W. points ; and in south latitude, 
after the autumnal equinox, when he bears to the south- 
ward of them ; also when the latitude and declination are 
of the same name, and the declination is greater than the 
latitude in. 

The method of using this table will be best shown by 

An Example. 

If the sun bore S.W. by S., true, at the time of observa- 
tion, in latitude 50° N. by dead reckoning, what will be 
the error of longitude by chronometer, if the latitude used 
in finding the apparent time at the ship is erroneous 
10 miles? 

Ans. 23"3 minutes of longitude. 

S.W. by S. is five points from W. In the table op- 
posite five points ampUtude is tlie error for owe imle, in 
nautical miles - - - == 1'497 
multiplied by - - - 10 

gives the error for ten miles = 14-97 in nautical miles. 
Enter table II, (Bowditch,) with the latitude in, 50°, as a 
course, at the bottom, of the page; and over it, in the 
latitude column, find 14-97; opposite to it, in the distance 
column, is 23'3, the error of longitude in minutes of 
longitude. 

In the foregoing example, if the latitude was erroneous 
10 miles to the ntyrth of the tnie latitude ; we have " the 
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O bearing soidherlp in north latitude;" and "the time of 
observation P.M. ;" and the latitude used in finding the 
apparent time, ^^ greater" than the ^'irve latitude ;" and the 
rule gives the longitude too far west; the error by the table 
was 23 '3 minutes of longitude ; which must be subtracted 
if in mest longitude, from the longitude by chronometer, 
but added if in east longitude. When such observations, 
however, are projected, Qiese errors are evident by inspec- 
tion, and the bearing of the land found. 
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SOME REMAEKS UPON THE ADVANTAGES OE TUIS 
METHOD, 



There is no difficulty, by the common methocls, in deter- 
miniiig the position of places on the earth's surface, when 
these places are situated on the land ; for then sufficient 
time may be taken to select the moment of observation ; 
and every circumstance can be taken advantage of, which 
will conspire to produce a correct result. But when at sea 
on board a ship, which is constantly changing her position, 
and frequently approaching with rapidity a dangerous 
coast, numerous cu-cumstances often render the case one of 
considerable difficulty at an important moment. 

The common methods of finding the ship's place are 
these ; a meridian observation of the sun for the latitudes ; 
an altitude of the sun, bearing as nearly as possible E. or 
W. for the longitude by chronometer ; lunar observations ; 
double altitudes ; dead reckoning ; and occasional meridian 
altitudes of the fixed stars, planets, or moon. Of all these 
methods, the first two are those which are chiefly reHed 
on, by a great majority of navigators in all cases; and if 
these observations could be had daily at the proper moment, 
the ship's position would always he easily known, and no 
danger need ensue. 

But the proper moment cannot at all times be chosen to 
take these observations ; for the first must be taken when 
the sun is on t)ie meridian, unless the apparent time is 
exactly Imown ; and the second when he bears E. or W., 
except the latitude be previously accurately known ; and 
the observations will be partially or entirely prevented, 
when thick weather prevails, or be liable to error if the 
sun does not bear E. or W. at any time during the day. 
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JFor after the sun crosses the equator, tlirougliout tlie 
whole hemisphere from which he is receding in declination, 
he rises and sets, afc points daily further remoTed from E. 
or "W".; and since an altitude cannot be relied on, which is 
not greater than 6° or 7° at least, this cause increases the 
angle from the E. and "W. points at which he is observahle. 
So throughout a whole hemisphere, for nearly 7 months in 
the year, the sim is not observable in the proper E. or W. 
points ; and it may be found, that, when the sun is 23° 28' S. 
of the equator, he will rise and set in latitude 50° N., at an 
angle from E. and W. of 38° 17'; or by compass SE. % E. 
and S-W. % W., true ; and when only 7° above the horizon, 
he will bear S.E. | S. nearly ; and thus the least error of 
longitude by chronometer, to which a ship is liable for an 
error of latitude of 30 mUes, is 1° 2'; whenever, then, the 
latitude ly aceovxi is used to find the apparent time at the 
ship ; and the sun does mt hear exactly E. or W., the longi- 
tude, by a good chronometer, will be always wrong, unless 
the latitude by account is strictly accurate. The necessity 
of some method of finding a ship's plfiee, when the latitude 
is uncertain, is then apparent. 

A meridian altitude shows the ship to be in some point of 
a small circle of the sphere, called a parallel of Icttttttde ; (or 
else on the equator, which ia a great circle ;) and that the 
land, through which this small circle passes, bear E. or "W, 

The observation of the chronometer shows in a similar 
manner, (the latitude being previously correctly obtained,) 
that the ship is likewise situated on another circle of the 
sphere, called a meridian of longitude ; and that the land, 
through which this circle passes, bears N. or S. 

And at the intersection of these two circles, (allowing for 
change of station between the observations,) is the ship's 
position on the earth's surface. 

But since the accuracy of the position depends upon the 
accuracy of the latitude and apparent time, how, when these 
are uncertain, or even unknown, can the ship's position be 
fixed upon either of these ttvo circles, by either of these two 
methods, as they are usually directed' to be used, when 
only one aUiitide of the sun can be observed, and that when 
he bore neiih^ E. nor W., nor on the meridian? 
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No practical rules are laid down which include so impor- 
tant a case ; the only resource is, to use the latitude by 
dead reckoning. How very erroneous this may prove, is 
herein shown. 

But these are the cases to which the Method of Projection 
is pecvMarlf/ adapted. For if it he possible, at an^ time of 
day when the sun is sufficiently high above the horizon, to 
observe at all, one altitude of tJie sun ; by noting the chro- 
nometer time, and oheerving roughly his bearing, we shall 
find the ship to be, not on a paraMel of laiitttde, it is true, 
running E. and "W. ; nor on a meridian of longitude, running N. 
and S. ; but on as actual and as simple a circle as either of 
these, namely, a parallel of equal altitude; running diagonally 
to those circles at an angle which depends on the bearing 
of the sun ; which parallel, when projected on the char^ 
by the rules, will pass through the position of the ship, 
and show the bearing of the land, in its course, as it lies 
projected on the chart, as truly as by a meridian observar 
tion, which can be observed hut orwe in a day ; and if two 
of these parallels be projected, both the true latitude, and 
longitude by chronometer, are evident by inspection. 

When approaching the land, (and tliis is the time when 
it is of the most importance to know the true position 
of the ship,) it unfortunately happens, that thick weather 
frequently prevails at considerable distance seaward, so that 
the sun is visible only for a few moments during a run of 
several days, and it is certainly important that a single 
observation at such times should be rendered available. 

There is no part of the seas, that is liable in a greater 
degree to fogs and thick weather, than the English chan- 
nels, north seas, kc. ; and there is no part more crowded 
by the fleets of all nations ; the coast, too, is dangerous ; 
and the westerly gales are severe, and of long diu-ation ; 
and ships are often placed in situations there, from im- 
certainty of their position, which render it dangerous " to 
run," and often more dangerous to " lay by," or to " stand 
off and on." 

Having sailed from Charleston, S. C, 25th November, 
1837, bound to Greenock, a series of heavy gales from tlie 
westward promised a quick passage; after passing the 
Azores, the wind prevailed from the southward, with thick 
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weather; after passing longitude 21" "W"., no observatioti 
was had until near the land ; but soundings were had not 
far, as was supposed, from the edge of the bank. The 
■weather was now more boisterous, and very thick ; and the 
wind still southerly ; arriving about midnight, 17th Decem- 
ber, within 40 miles, by dead reckoning, of Taslier light ; 
the wind hauled S.E., true, making the Irish coast a lee 
sliore ; the ship was then kept close to the wind, and several 
tacks made to preserve her position aa nearly as possible 
until daylight ; when nothing being in sight, she was kept 
on KN.B. under short sail, with heavy gales; at about 
10, A.M., an altitude of the sun was observed, and the 
chronometer time noted ; but, having run so far without 
any observation, it was plain the latitude by dead reckoning 
was Kable to error, and could not be entirely relied on. 

Using, however, this latitude, in finding the longitude by 
chronometer, it was found to put the ship 15' of longitude 
E. from her position by dead reckoning ; which, in latitude 
52° N., is 9 nautical miles ; this seemed to agree tolerably 
well with the dead reckoning ; but feeling doubtful of the 
latitude, the observation was tried with a latitude 10' further 
N.; finding this placed the ship E.N.E. 27 nautical miles, of 
the former position, it was tried again with a latitude 20' N. 
of the dead reckoning; this also placed the ship stiU further 
E.N.E., and still 27 naidical miles. These three positions 
were then seen to lie in the direction of Small's UgU. It 
then at once appeared, that the observed altitude must have 
happened at oM tlie three points, and at Small's light, and at 
the ship, at the same instaiii of time; and it followed, that 
Small's light must bear E.N.E., if the chronometer was 
right. Having been convinced of this truth, the ship was 
kept on her course, E.N.E., the wind bearing still S.E., and 
in less than an hour, Small's light was made, bearing 
E.N.E. J E., and close aboard. 

The latitude by dead reckoning, was erroneous 8 miles ; 
and if the longitude by chronometer had been found by 
this latitude, the ship's position would have been erroneous 
31 i minutes of longitude, too far "W., and % .miles too far S. 
The ship had, from current, tide, or error of log, overrun 
her reckoning, 1 mile in 20. (See plate HI.) 
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Thus it is seen, that an ohservation taken at any hour of 
the day, and at any angle between the meridian and E. or 
W. points, is rendered practically useful, inasmuch as the 
chronometer can be depended on. 

A great proportion of the chronometers now in use, are 
sufficiently accurate to determine the ship's position ; and 
particularly when they have been out of port only a month 
or two ; the government of Great Britain has spent thou- 
sands to perfect them; but it should be recollected that 
the Greenwich time is only one of the quantities which 
must be correct, to imd the longitude ; we must be mre 
that the time at the sMp is correct also ; and it can scarcely 
be doubted, that errors of latitude have caused the loss of as 
many ships, as errors of chronometers ; while chronometers 
have borne the blame, not only of their own occadonal 
imperfections, but also of these errors of laiitude, to which 
the navigator is subjected, from the prevalence of thick 
weather, gales of wind, and when a ship is under short sail, 
wearing, and tacking, and in tide-ways near the land ; 
mailing leeway, and changing the rate of sailmg with dif- 
ferent cargoes on board. 

The proverb, that "a seaman always knows his latitude," 
had its origin in those days, when the longitude was tlie 
great point to be determined ; for before lunar observations 
were used, or chronometers invented, the only observations 
which could be rehed on, were those for finding the lati- 
tude ; and thus the latitude was cmnparaiively certain ; but 
the longitude was estimated by the log, and great errors 
were common. 

But at present the case is almost completely reversed ; 
for, with a good chronometer, used with care, it is the 
latitude which is the great desideratum ; if the latitude is 
aemrately known, a single altitude is sufficient to find the 
ship's p^ce; and if it be wmierfow, the Method of Projection 
affords the mod complete substitute for a meridian observation, 
the altitude being observed at an^ hour. 

By this method, if the chronometer is wrong, and the 
latitude uncertain, the bearing of ike land would be erroneous, 
by a quantity equal to the whole error of chronometer, 
when the sun ie observed bearing K or W. ; but as the angle 
increases, from the E. and "\V. points at which an observation 
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is taken, the error in tlie bearing of the land, caused by the 
error of the chronometer, constantly dmmiishes ; and when 
the snn is on the meridian, vanishes, when the observation 
becomes a real meridian altihde^ whence the true latitude 
may be found as usual. But by the usual method, no 
approximation to correctness can be made. 

The case when a second altitude is observed, is dediiced 
from the manner in which the first is projected ; and in 
an analogous manner, as a meridian observation, and one 
taken when the sun bears east or west, by tlie usual method, 
place the ship at the intersection of a circle of longitude 
with a parallel of latitude, allowing for change of station, 
so the intersection of the first projected parallel of equal 
altitude with the second, is the ship's place. 

The extra work to project the second parallel is trifling, 
for it will be noticed that many of the logarithms are the 
same as in the first. 

The advantages of the inethod by Projection may be 
summed up as follows : 

1. When the latitude, &c., are micertain, one altitude of 
the sun, at any hour, with the chronometer time, is available 
in a similar manner as a meridian observation, which can 
be taken only once in a day. 

2. The errors of longitude by chronometer, consequent 
to any error in the latitude, are shown by inspection. 

3. The sun's azimuth is foimd at the same operation. 

4. In addition to these results, found by one altitude, two 
similar altitudes give the true latitude, and also the longi- 
tude by chronometer. By the common methods of double 
altitudes, the longitude must be found by a subsequent 
calculation ; which circumstance renders this method much 
the shortest. 

5. The usual simple calculation for finding the apparent 
time at the ship, is known and daily practiced by eveiy ship- 
master who uses a chronometer. No other formula is used. 

6. Double altitudes of the sun are therefore wittiiu the 
reach of all persons who use chronometers, and who are 
unacquainted with the various ibnuulas laid down in the 
books. 
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EXPLANATION OF THE PEIKCIPLES UPON WHICH 
THIS METHOD DEPENDS. 

To faciKtate the uuderstaBdiDg of the theory of this 
method, a reference to the following common definitions 
relative to spherical hodies may be necessary. 

A sphere is a nniformly ronnd body, every point on the 
surface of which is equally distant from a certain point 
■within tlie body, called the centre. 

If any plane or flat surface pass through the sphere, the 
intersection of the surface of the sphere by the plane is the 
circumference of a circle. 

A great circle of a sphere is one whose plane pa^es 
through the centre of the sphere, and so divides the sphere 
into two equal parts, called hemispheres. 

A mnaM circle of a sphere is one whose plane does not 
pass through the centre of the sphere, and consequently 
divides the sphere into two unequal parts. 

The pole of any circle of a sphere is a point on the surface 
of the sphere from which every point in the circumference 
of the circle is equally distant ; thus every circle of the 
sphere has two poles, and the straight Hne joining them is 
lJie diameter of the sphere. 

One half* of the spherical surface of the earth being 
illuminated by the sun at a given instant, while at the 
same time the opposite portion is in the shade, that line^ 
which is the boundary between the illuminated and dark 
hemispheres, is called by geographers " the circle of 

ILLUMISATIOH." 

* The coirections buing matlB Iiy the usual taljics, for Piirallax, Semiili ampler, Re- 
fraclion, Bnil the Spheroidal Figure of the Eanh — bdU if Ihe eye be elevateil, for 
Dip also. 
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It is a great circle, and its plane passes throngli the centre 
of the earthj dividing it into two equal parts ; in the same 
manner as the equator is a great circle of the earth, and 
divides it into the northern and southern hemispheres. 

But these are also divided by small circles of the sphere, 
parallel to the equator, which are called "parallels of lati- 
tude;" and by their means the latitude is reckoned, all 
places situated on the equator having their latitude equal 
to 0° ; and proceeding towards the poles, the latitude of 
places on these small circles increases regularly, until, 
arriving at them, it becomes equal to 90°. 

In like manner, all those places which are situated on the 
circle of illumnalion, since they have the sun's centre in the 
horizon, have his aMhide equal to 0°, and that point on the 
surface of the earth, next towards the sun, and which is the 
pole of the circle of illumination, has the sun in the zenith ; 
consequently, at that point his altitude is equal to 90°. The 
intermediate altitudes of the sun may likewise be reckoned 
on mnall circles, parallel to the circle of illunaination ; and 
which may be callad paiuixels of equal altitude; since 
they serve the purpose of showing aE those places on the 
earth's surface, which have an equal altitude of tlie sim, at 
the same distant of time ; the pole, at which the sun is in the 
zenith, may be called the pole of illumination, and the whole 
system of circles, the system op ciucles of illumination. 

Thus it appears, that, as aU those places on a given s^nall 
circle of the earth, called a parallel of latitude, have the 
same IdMude, and that degree and minute which is the name 
of that parallel ; so, all those places, on a given mrnll circle, 
called a parallel of equal altitude, have the same altitude 
of the sun, and the same degree and minute wliich is the 
name of this parallel. 

Since the poles of the equator, and of the parallels of 
latitude, coincide with the extremities of the earth's axis, 
the system of parallels of latitude is not affected by the 
daily rotation of the earth ; but always remains constant ; 
indeed, it has been constructed with particular reference to 
this subject. 

Such, however, is not the ca.sc with the system of circles 
of illumination; because, the poles of this system do not 
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coincide with the extremities of the earth's axis; for the 
sun being always vertical to one of its poles, this follows 
the Bun, (at the rate of 15° per hour,) in his apparent daily 
course from east to west, and also in the ecliptic, through 
all the degrees of the tfun's declination. 

But if, at any instaiit, we can project upon the earth's 
surface the position of this, moving system, or any parallel 
of equal altitude belonging to it, which may correspond to 
an observed altitude of the sun, we shall have as sure a 
method of determining the position of places on the earth's 
surface, as by means of the system of parallels of latitude. 

But it may be well to consider in what manner the 
system of circles of illumination intersects the different 
parallels of latitude, and the meridians of longitude. 

Because the sun is always vertical to the pole of illu- 
mination, aJid the parallels of latitude on the earth's sur- 
face are concentric with the parallels of declination on the 
celestial sphere, the latitude of tins pole is always equal to the 



If, then, about a point, (as Z, plate I,) in any longitude, 
but in that parallel of latitude which is equal to the sun's 
declination as a centre, we describe small circles of a sphere 
at every 10° distant, after the manner of the parallels of 
latitude, and this may be seen to advantage on a terrestrial 
globe, we shall observe, that the parallels of equal altitude, 
which we are describing, cut tlie parallels of latitude and 
the meridians of longitude at all possible angles ; in the 
N.W., N.B., S.W., and S.E. directions from the pole of illu- 
mination, Z, they win cut them diagonally ; in the north, 
south, east, and west pomta from this pole, they will touch 
them as tangents ; and at intermediate bearings will malte 
intermediate angles with them. 

Each parallel of equal altitude, it will be observed, is 
described round the pole of illumination, as a centre, at 
a distance, measured on the arc of a great circle passing 
through this pole, which is equal to the complemeni of the 
stm's attitude corresponding to each parallel respectively. 

Hence, with a given altitude of the sun, the corresponding 
parallel of equal altitude cuts only certain parallels of lati- 
tude, not north of a particular latitude in the northern, nor 
south of a particular latitude in the southern hemisphere. 
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The distance, then, of the north and south pomts, in any 
paraUel of equal altitnde from the pole of ilummation, is 
equal in degrees and minutes to the complement of the 
sun's altitude ; but these points being on the same meridian 
as the pole of illumination, this distance is also equal to 
the difference of Mittide between the pole and either point ; 
and because they are on the same meridian as this pole, 
the apparent time at these points will be noon, for it is 
always noon at the meridian of the point which has the 
sun in the zenith. 

Now the difference of longitude, between any two places 
on the earth's surface, is expressed by the difference of the 
apparent times at those places, turned into degrees, 15° to 
the hour. 

The difference of longitude of an^ point in a parallel of 
equal altitude, corresponding to any observed altitude of 
the sun, from the meridian of its pole of illiunhiation, will 
tlien be expressed by the difference of the apparent times 
at those places ; that is, by the difference between 0^' 0" 0', 
and the apparent time from noon at the point, in the parallel 
of equal altitude, which maybe given. And the difference 
of longitude between an^ two points given will be expressed 
in a similar manner. 

But if the altitude, and the declination of the sun be 
given, the apparent time will vary only with the different 
latitudes which may be used in the calculation. 

If, then, we assume any latitude, not north of the north 
point, nor south of the south point, of the parallel of equal 
altitude corresponding to an observed altitude of the sun, 
the dechnation being known also ; and thence find the 
apparent time for noon, (by method 3, Bowditch,) the 
diffe}~ence between such time, and 0°, 0", 0', turned into 
longitude, (15° per hour,) wUl be»the diffm-eitce of longitude 
of the point in the parallel, from the meridian of the pole 
of illumination, and its Mitude is had hy the assumption: thus 
the position of such point is found relatively to the pole of 
illumuiation, which is situated in a certain ^ven latitude. 

In the same way, by assuming two latitudes, with the 
same restrictions, the difference of their apparent times 
win cxprcKS the difference of longitude of the two .points 
having the two assumed latitudes; and their positions relor 
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iively to the pole will be expressed by tlieir times from noon, 
turned into difference of longitude. 

Each point, thus found, lias another point corresponding 
to it in its parallel of equal altitude, in the same assumed 
latitude ; namely, one on each side of the meridian of the 
pole, and at equal differences of longitude from it; and 
they correspond to A.M. and P.M. times of observation; and 
to distinguish on -which side of the meridian of the pole 
of illumination the point lies with which we have to do, we 
should notice in practice the bearing of the sun. The re- 
quired pouit being westward from the pole, if an observation 
be A.M. ; and eastward, if P.M. 

By assuming as many latitudes as we please, we may 
thus project as many points as are necessary; and by 
joining all the points determined by a curve line, the whole 
parallel of equal altitude corresponding to any observed 
altitude of the sun, will be projected, in latitude, relatively 
to the pole of illumination. 

Prom the foregoing considerations, the rule for solving 
the following problem is deduced. 

PROBLEM I. 

The correct altitude of the sun's centre being observed, 
and his declination being given, it is required to project, 
on Mercator's chart, the corresponding parallel of equal 
altitude relatively to its pole of illumination, showing what 
parallels of latitude it cuts, and in what manner it cuts 
both them and the meridians of longitude. 



Owing to the distortell shape of the earth's surface by 
Mercator's chart, the curves vnll not appear as circles, as 
they would be if projected on the earth, or on a terrestrial 
globe. 

E u L E. 

1st. Find the complement of the sun's altitude ; which 
gives the difference of latitude between the pole of illu- 
mination and the north and south points of the parallel 
of equal altitude. 
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2d. Project then on the chart, (plate I,) in a latitude 
equal to the sun's declination, the pole of illumination, 
the point Z, in any assumed longitude, as 0° ; and on the 
meridian of Z, in their respective latitudes jnat found, 
project the north and south points N. and S.; at which the 
apparent time is noon, or 0'' 0"* 0". 

3d. Assume a latitude, as that of any point, A, B, or C, 
&c., not north of N., nor south of S. ; and with the given 
altitude and declination, find the apparent time from noon, 
(method 3,, B,) "which, turned into longitude, 15" per hour, 
will be the difference of longitude between Z, and A, B, or 
C, &c., and its latitude is had by assumption. 

4th. In the latitude assumed, (if that of A,) on each side 
of the meridian of Z, project the points A, A', with the 
difference of longitude found above ; then A and A' will 
he two points in the parallel required; in the same manner 
find as many points as are necessary, 

5th. By joining all the adjacent points with a cvirve line, 
the whole parallel, and the latitudes it cuts, &c., are evident 
by inspection. 

NOTE. 

In this problem, the difference of longitude of the points 
have been reckoned from the meridian of Z ; but the curve 
could be also projected, by taking the meridian of any point, 
as A, for a starting point, and thence might be reckoned tlie 
points B, C, &c., and finally the meridian of Z, aiid then Z 
be projected. 

Example I. 

The sun's central altitude is 60°; the declination 10° N., 
it is required to project the parallel of equal altitude, &c. 

let. To find the complement of the sun's altitude, and 
the latitude of the N. and S. points. 



remaina 30" = complement of the suh'r nltitiuip. 
To 30" comp. O alt- 
add 10 dec. 

sum. iO° = lat. of N. 
diff. 20 = lat. of S. 
[8] 
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2d. Project (plate I) the points Z, N, and S, in tlieir 
proper latitudes, and in any one assumed longitude, as 0°. 
3d. To find and project any point; as one in latitude 
30° N., which call A. 

Lat. 30= 00 N. - - - - sec. 0-0624:7 
Dec. 10 00 5. - - - - sec. 0-00665 

DifF. 20° 00 nat. cob. 9396^ 

O Alt. 60 00 nat sin. 86603 

diff. 7366 log, 3-86723 

1 35 57 '05 = log rising, = 3-93635 

1 35 57-05 = 23° 59' 15" -7 5, or the difference of 

longitude of A in latitude 30 N., from tte meridian of Z, 

where it is noon. 

4th. On each side of the meridian N Z S with tliis differ- 
ence of longitude project two points, A and A', in latitude 
30° N.; which wiU be two points in the curve required; 
the altitude is observed at A, when the time is P.M., and 
at A', when AM. 

Find other pomts B, B', C, C, &c. 

5th. Join ajl the points, and the requisitions of the 
problem are evident by inspection. 

In the same manner are projected the parallels of equal 
altitude, corresponding to sun's altitude, 0°, 10°, 20°, 30°, 
&c., when the sun's declination is 10° N. 



After any lapse of time, the sun, and, consequently, the 
pole of illumination, to which the sun is always vertical, 
and liliewise all the parallels of equal altitude, will have 
passed, at the rate of 15° per hour, due west, (no change 
of declination having taken place,) and wUl have arrived 
after such time at some point, as Z', (plate I,) whose diifer- 
ence of longitude from Z will he equal to the elapsed time 
turned into longitude, 15° for an hour; because the angular 
space passed over is equal to the product of the time by 
the angular velocity. 

But if, at the expiration of such time, a second altitude be 
observed, and its corresponding parallel of equal altitude be 
projected as before, it will have for its pole 7,'; and it must 
intersect the first projected parallel in two points, one to 
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the northward and one to the southward of the poles Z 
and Z'; and one of these two intersected points mnst be 
the position of the observer; becanse both altitudes are 
observed at one station ; and if a point is situated at the 
same time in two circles, it can only be at one of the two 
intersected points; which one of the intersections is the 
observer's place, obviously depends on the bearing of the 
sun at the tim,e8 of observation ; and the two curves being 
projected on the chart, the intersection will be situated in 
a latitude which is evident by inspection. 



The diiference of latitude between the two poles of illu- 
mination, Z and Z', is equal to the difference in the sun's 
declination, which may have taken place during the elapsed 
time. This change of declination must not be neglected, 
but each pole projected in that latitude which is equal to 
the sun's decHnation at each observation respectively. 

Two altitudes of the sun may be observed, either both 
A.M., or both P.M. ; or one A.M., and the other P.M. ; for 
as the system of circles of illumination passes westward, 
the western arcs of the parallels of equal altitude, which are 
htt^ior to the Jird projected parallel, cut its western arc in 
two points, and poles being to the eastward of the intersec- 
tions, the time at which the altitudes are observed at either 
intersected point, wiU be A.M. 

So, also, the eastern arcs of the exterior parallels, cut the 
eastern arc of the^rs^ projected parallel, in two points; but 
the poles now being to the tvestward of the intersections, 
the time will be P.M. 

And, after a greater time has elapsed, eastern arcs of both 
exterior and interior parallels will cut the western arc of the 
first projected parallel, and the intersected points lie between 
the longitudes of the two poles, and show that the time at 
which -Sie first altitude was observed, is A.M., since its pole 
is eastward; and the time of the other is P.M., since its pole 
is westward of the two intersected points. 

We shall now be able, using the rules of problem I, to 
project the parallels of equal altitude, corresponding to two 
observed altitudes of the sun ; the elapsed time giving the 
distance between their respective poles of illumination ; 
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and intersection which takes place, and which ia designated 
by the bearing of the sun, giving the true laiitude of the 
place of observation. 

From these considerations are deduced this problem 
and rule. 



PROBLEM II. 

Having noted the elapsed time between two observed 
altitudes of the sun's centre, the declination at each time, 
and the sun's bearing being given, required to project on 
Mercator's chart the two corresponding parallels, lowing 
how they cut the parallels of latitude and meridians of 
longitude, within tlieir respective limits of latitude, how 
they intersect each other, and the true latUnde of the places 
of observation. 



1st. By problem I, project the parallel corresponding to 
the first altitude. 

2d. Turn the elapsed time into difference of longitude, 
15° for an hour. 

3d. "With which difference of longitude, project, ivestward 
always from Z, the point Z', in a latitude equal to the sun's 
declination at the time of the second observation ; and Z' 
wdl be the pole of illumination of the parallel correspond- 
ing to the second observed altitude. 

4th. Proceed, as In problem I, to project the parallel 
corresponding to the second altitude relatively to Z'. 

5th. Upon inspection, the curves will be seen to intersect, 
as at A and a, (plate I.) 

6th. The true latitude is at one of the intersected points; 
which point it is depends on the hearing of the sun. 

The other requisitions are evident by inspection. 

Example II. 

The two altitudes are 60° and 40° ; the declination 10" N. ; 
supposed invariable between the observations ; the elapseol 
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time is 1'' 41™ 18' 89 ; the sun bearing between S. and AV., 
it is required to project, &c. 

1st. The first altitude is the same as in example Ij and 
is already projected. 

2d. The elapsed time, 1" 41" 18= 89, is equal to 25° 19' 
43"'4, (15° for an hour.) 

Sd. In latitude 10^ N. project Z', 25° 19' 43"'4 west 
from Z, {plate I.) 

4th. Project N' and S' as in problem I ; and to find any 
point, as one in lat. 30° N., which call X, proceed as under. 



Lat. 30' 
Dec. 10 


N. 

N. - 






. see. 0-06247 
see. 0-00665 


Diff. 20 
O All, 40 




nat. COS. 
iiat, sill. 


93969 
64279 








cliff. 


29C90 


log, 4-47261 



3 17 15-94: = log rising, = 4-54173 
3 17 15-94 = 49° 18' 69"-l, or difference longitude 

of X in latitude 30° N, from the meridian N' 11 S' , where it 

was noon at time of 2d observation. 

On each side of N' 7/ S', with this difference of longi- 
tude, project two points, X and X', in latitude 30 N ; 
which are two points in the curve required. 

Find the other points Y, Y', &c., in the same way. Join 
all the points, and the whole curve will be projected. 

5th. It is now evident, how the cmTes intersect each 
other, as at A and a. 

6th. The sun havmg been west of the place of observar 
tion for both altitudes, shows that both were taken P.M. ; 
and having borne southerly also, the northern intersection, 
A, is at the irue latitude of the place ; and it will be found 
to be on the chart in 30° N. 



Thus far we have determined the positions of the pro- 
jected parallels, relativeli/ to thoir poles, and the distance of 
these from each other ; and the whole only in relation to 
the latitude of the place of observation ; consequently, it 
is only the bearing of the land in that latitude which has 
become known. 



, Google 



62 



To detennine their actual position, in longitude, also, on 
the earth's surface, and project them at any instant, we 
must have means to arrest, in their passage, both systems 
of circles of illumination, whUe moving from east to west. 
If the longitude of the place of observation be known, 
or if the time be noted by chronometer which shows true 
mean time at a known meridian ; and the altitudes calcu- 
lated by assumed latitudes, as before, to find the apparent 
time, the difference between the apparent times and the 
chronometer time will give the longitude of each point, 
and the actual position of each curve is fixed in both lati- 
tude and longitude. 

By such means, having a single altitude of the sun and 
chronometer time, we may find a ship at sea to be on some 
point of a small drcle, which has for its pole, the pole of 
illumination, in like manner, as a meridian altitude of the 
sun fixes the position of the ship in some point of a smaU 
drcle, called a parallel of latitude, and which has for its 
pole, the pole of the equator. 

Hence, the bearing of any land, through which the curve 
passes, is seen by inspection, as we may observe the bearing 
of the land, through which the parallel of latitude pa^es. 
Hence, we can solve the following problem. 



PROBLEM III. 

The true altitude of the sun being observed at any place, 
his declination and bearing, and the true mean time at 
Greenwich, by chronometer, being given ; it is required to 
project the corresponding parallel of equal altitude, showing 
viliat meridians of longitude it ciits, east or west of Green- 
wich, and what parallels of latitude ; and in what directions ; 
consequently, what land it passes through, and how such 
land bears from any point in the curve. 

Rule. 

Proceed, as in problem I, to project the curve; only 
taking notice, that when " the apparent time " is found for 
any point, the difference between it and the chronometer 
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time, (corrected for equation of time and I'ate,) gives the 
longitude of such point, east or west of Greemvich — (while 
its difference of longitude, from the meridian of iU pole of 
iiluimnation, will still be expressed by the " apparent time 
from noon" as in problem I.) Thus, are all the points pro- 
jected in latitude and longitude^ and the requisitions of the 
problem are obvious on inspection. 

Example III. 

Sun's altitude 60°; declination 10° N. ; corrected time 
at Greenwich, by chronometer, 0'' 0"" 0^, sun bearing 
southwesterly. It is required to project the curve passing 
through the position of the observer, showing how the land 
bears from any point in the curve. 

1st. Tliis example is the same as example I, except the 
chronometer time. It will be necessary, then, only to see 
how this time affects the position of the curve ; (by exam- 
ple I, the curve was projected in any assumed longitude.) 

We have Greenwich time corrected, ? ^' J^■ ^ -ir 

for rate and equation, - . ^ " '-' 'J ■' • 

The apparent time, example I, ia 

assumed latitude 30°, at a point I , o^ >■» nr xutT 

A, (plate I,) sun bearing soutli- f I ^o J7 QJ -f.m. 
westerly, was ... J 

Difference, - - 1 3o 57 

The apparent time is greater than the Greenwich time, 
showing that the point A, in latitude 30° N., is 1'' 35'" 57% 
or 23° 59' 15"-75 east of Greenwich. Project A, then, 
in such longitude and latitude, and its actual position is 
determined. 

In the same manner are all the other points projected, 
and the curve drawn. 

The other requisitions of the example will appear if we 
refer all the points AA', BB', &c., to a chart, on which 
the land is designated; thus A is situated on the north 
coast of Africa, in the same meridian as a part of Greece ; 
B, near the south of Sicily ; and the curve passes likewise 
near the south of Sardinia; over Majorca, through Spain, 
near Madrid ; through Portugal, near Lisbon, not far from 
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Madeira; thence to within 6° west of Cape Verde Islands; 
thence 10° east of Cape St Eoqne, S.A.; thence 3^° south 
of St. Helena ; and thence reaches the continent of Africa 
again, in latitude 18° S., near Cape Negro ; thence over 
the interior of Africa, towards Egypt, to the point A again ; 
all these places having the same altitnde of the snn at the 
same instant; the place of the observer being of course 
in the curve, having observed the same altitude at the 
same time. 

Thus, the land through which the curve passes, is evident 
by inspection ; and also its bearing from any point in the 
curve ; and thus, by projecting the curve for any observed 
altitude, we have as sure a method of determining the 
position of places, as by means of parallels of latitude and 
a meridian observation. 

From the foregoing three problems, the following one is 
directly deduced. 



PROBLEM IV. 

Having two altitudes of the sun, the declinations at both 
observations, and his bearings, and the Greenwich times 
by chronometer; to project the corresponding parallels of 
equal altittide, showing what meridians of longitude and 
parallels of latitude it cuts, and in what manner; what 
land they pass through; how it bears from any point in 
either curve ; and the true latitude and lon^tude of the 
place of observation. 

Rule. 

1st. Project both parallels, as in example II, applying 
the Greenwich time, as in example IH. 

2d. The requisitions of the problem will be evident by 
inspection. 



The "ebt^sed time" does not appear, as such, in this 
problem ; for it enters into the longitudes of the points of 
the second parallel, placing them always so much further- west, 
as greater time elapses between the observations. 
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Example IV. 

Sim's central altitude was 60°, when chronometer time 
corrected for equation was 0'' 0™ 0'; and 40°, when chro- 
nometer time corrected was V" 41°' 18'' 89; declination 
10° N., invariable between the observations ; sun's bearings 
southwesterly, required to project, &c. 

This example is tlie same as example II, except chro- 
nometer time; project the curves as directed, (plate I,) 
appljong the chronometer time, as in example III. 

This being done, the requisitions are manifest ; the lati- 
tude sought, being 30° N., and the longitude 23° 59' 15"- 75 
east ; since if, from the apparent time at A, or X, (which 
two points coincide, at the time of the second observation,) 
namely : 

App. time, 3 17 15 '94 P.M. (sun bearing southwesterly,) we 
subtract, 1 41 18-89 P.M. the corrected cliro. time, 

the diff. is 1 35 57-03 = 23° 59'' 15"-75 east longitude, 
since the chronometer time is least. 

The problem of double altitudes admits, on these prin- 
ciples, another simple solution, as follows : 



PROBLEM V. 

Two correct central altitudes of the sun, his declinations 
and bearings, at each observation, and the elapsed time 
being given; required to project, on a terrestrial globe, 
the latitude of the place of observation. 

Rule. 

1st. Turn the elapsed time into degrees, 15° to an hour. 

2d. In the latitude equal to the sun's declination, at each 
observation, project the two., poles of illumination in two 
points, distant a diiference of longitude found above. 

3d. On the eastern pole", (or that corresponding to the 
_first altitude,) as a centre, and with a distance measured on 
a great circle, equal in degrees and minutes to the coivfle- 
[9] 
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ment of the _first altitudCj descrilae, witli a pair of dividers, an 
arc in that direction from the pole indicated by the bearing 
of the Sim, at first observation. 

4th. On the ■western pole, as a centre, with a distance 
equal to complement of the second altitude, describe an 
arc cutting the former arc. 

5th. The intersection will be in the latitude of the place 
of observation, if both altitudes be observed at one station. 



In the foregoing problems, it has been supposed, that 
both altitudes were taken at one station; but it is necessary 
to show how to allow for any change of station between 
the observations. 

The curve Z M, plate I, is an arc of a great circle, passing 
through Z, the pok of illtimmiion, where the sun's altitude 
is 90° ; and through M, a point in the circle of iUuminatmi, 
where the sim's altitude is 0° ; it is of course perpendicular 
to all the parallels of equal altitude. 

It is plain, then, that for every mile a ship sails on the 
great circle M Z towards Z, that is, at right angles to the 
parallels, she increases the sun's altitude one mimite; and 
every mile sailed from Z, decreases his altitude one minute. 

And if she sails at right angles to M Z, that is, on a 
parallel of equal altitude, she would neither increase nor 



So, in sailing at a greater or less angle than 8 points 
from a parallel of equal altitude, she would increase or 
diminish the altitude in a proportional manner ; and in so 
sailing would make a " diiference " of aUitiide, in a similar 
manner as, in sailing from a parallel of lafitudCf she would 
make a "difference" of latitude, according to the course 
and distance sailed. 

In sailing from the point, then, which was the ship's 
place in the parallel of equal altitude corresponding to the 
first altitude, she will arrive at a point in another parallel 
which belongs to the same system of circles of illumination, 
with the first projected parallel, on a certain course and 
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distance; and tliis new parallel "vvIU correspond to an 
altitude which, would have been observed at the instant 
of the first observation, had the ship been at this new point 
at the same time ; but this new point is that at which the 
second altitude is taken, after the time elapsed, as noted by 
the watch. 

The "difference" of tt/^'We made good, then, proportional 
to the course and distance sailed from the first projected 
parallel, wiU be the correction of the first altitude for 
change of station, additive or subtractive, as explained 
before. This " difference " of attitude will be measured, on 
the arc of a great circle, passing tlirough Z, (perpendicular 
to the parallels of equal altitude,) and this new point to 
which the ship may have sailed ; and the arc, which is 
intercepted between this point and tlie first projected 
parallel, will be the correction in miles. "We have, then, 
the following rule. 

Set off, from the first projected parallel, the distance 
sailed in the direction of the course made good between 
the observations. Through this point project a curve line 
parallel to tlie first projected parallel, and the intersection 
of this curve Hne with the second projected parallel, will be 
the true latitude corrected for change of station. 



Since M Z, is an arc of a great circle passing through 
Z and M, perpendicular to all the parallels ; and the sun's 
centre, and Z and M, are all in one plane, and the sun is 
perpendicular to Z, therefore the arc Z M, Kes wholly in 
this plane, and the direction of the sun, from any point in 
Z M, is projected in the direction M Z, on the chart ; but 
the angle at any point on the earth's surface, which the 
bearing of the sun projected, makes with the meridian 
projected at that point, is the sun's true azimuth. ThuS; 
at M, the sun beais in the dire'ction M n, or about E b 
N. i N. ; and the angle which M n makes with the merid- 
ian passing through M, is the sun's true azunuUi at M; 
now M n is perpendictdar to the circle of illumination, and 
n is perpendicular to tlie parallel of equal altitude for 
10", and so of the other portions of M Z; so, in order to 
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project tlie sun's azimuthj at the time of observation of Ms 
altitude, at any point in the corresponding parallel of equal 
altitude, we have this rule : 

Draw a tangent, at the given point, and erect a perpen- 
dicular to the tangent at the point given; the perpendicular 
will be in the direction of the sun at that point, and the 
angle it makes with the meridian, passing through this 
point, is the sun's true azimuth. 



From the manner in which the parallels of equal altitude 
cut the meridians of longitude and parallels of latitude, 
may be seen how, with a given altitude of the sun and the 
chronometer time, different latitudes, i\sed in finding the 
apparent time, give different longitudes by chronometer. 

For, if the sun be observed A.M, in north latitude, when 
he bears southerly, then latitudes at greater distances from 
Z, (plate I,) give smaller differences of apparent time from 
noon, and, therefore, a less difference of longitude, if in 
toest longitude, and a greater difference of longitude, if 
in east longitude, and analogoiis differences under other 
clrcmnstances. 

It may be seen, too, that when the sun bears east or tved, 
a considerable difference in the latitudes used in finding 
the apparent time at the ship, wiQ occasion but a trifling 
error in the longitude by chronometer. 

Hence, it is not only because the sun is "rising or falUng 
faster" when bearing east or west, that this is the best time 
to talce chronometer sights for the longitude ; but because, 
also, at such times, an erroneous latitude wUl not much affect 
the result 

So, also, when the smi bears north or south, it is easy to 
find the latitude by meridian observation ; but the longitude 
by chronometer is subject to great errors, owing to the 
difficulty of finding the apparent time at the ship, and not 
only because the sun is " riang or falling " slower, but also 
because a slight error of latitude gives a very great error 
of longitude by chronometer. 

The errors of longltiide by chronometer, then, consequent 
to an erroneous latitude used in finding the apparent tune 
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at the ship, increase regularly, from the time the sun bears 
east, until he reaches the meridian, when the error is a 
maximum; and thence diminish until he bears ivest, -when 
they vamh. 

By reference to plate I, and from these remarks, it will 
he found, that the error of htigitude any error of laMtude 
produces, at the instant of observing an altitude of the 
Buil, is equal to the difference of hn^tude Idween any two 
pohits in the projected parallel, whase differenee of hUtude is 
the error of Miiiide. 

Thus, in the winter season, when the sun does not rise or 
set either east or west, and is not observable, frequently, until 
he bears S. E., or more southerly, it is of the utmost im- 
portance to estimate such errors. 



In practice it is not necssary to project the whole curves, 
but only such arcs as will include the intersected points 
required. Two points in each arc are sufficient, that part 
of the curve which is required being indicated by the 
bearing of the sun. 

It will be found convenient, in finding the apparent 
times, for these two points, to assume two latitudes to be 
used in the calculation, one on each side of the latitude 
by dead reckoning; one being the next degree less and 
the other the next degree greater than such latitude, and 
without any odd minutes ; the position of the four points, 
and their arcs being projected, will, in general, be found 
to include the intersected point, or be very near to it ; for 
if we join the points by straigU lines, they will either 
intersect each other, or converge towards a point beyond 
the limits of the assumed latitudes ; in this case we have 
only to produce the lines io an intersection. 

These two siraiffM lines, although they do not lie strictly 
in the curves, hut may be regarded as chords of their 
respective arcs, will not sensibly differ from the arcs them- 
selves, or even from their tangents, at points near the in- 
tersection; particularly as the parallels most frequently 
used, have a large radius. 
Should, however, tlie altitudes be (/?'eat, in which case 
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the curves have a smaller radius, we can choose such lati- 
tudes as shall he nearer the intersected points, and thus 
reduce the error, on this account, as much as we please. 
Also, if the altitude be observed when near noon, the 
assumed latitudes should not be chosen too great, or other- 
wise, as mentioned in the note to rule 1, practical part ; 
and they should be such as are much nearer to the supposed 
latitude. 

Hence, the following practical problem is deduced, when 
the times are noted by a common watch. 

PEOBLEM VI. 

Two correct central altitudes of the sun being given, 
and also the elapsed time, the declinations and bearings 
of the sun at both observations, the course and distance 
made good hdween the observations, and the latitude by 
dead reckoning; it is required to project on a '^^ particular" 
Mercator's chart, those arcs of the corresponding parallels 
of equal altitude, which are mutually intersected ; showing, 
Ist, the true latitude; 2d, the correction for change of 
station; 3d, the sun's true azimuth at each observation; 
4th, the errors of longitude consequent to any error of 
latitude, when the times are noted by the chronometer. 

Rule. 

1st. Turn the elapsed time into degrees, (15° to an hour,) 
which will be the difterence of longitude between the two 
poles of illumination, Z and Z'; the eastern pole, or that 
which corresponds to the first altitude, being called Z, 
and the western pole, which corresponds to the second 
altitude, Z'. 

2d. Assiune two latitudes, one of which is the next degree 
less, (without any odd minutes,) and the other the next 
degree greater than the latitude by account. 

3d, With the first altitude and declination, find (method 
3, B) the apparent time from noon with eaek of the two 
assumed latitudes; turn these resulting times into differ- 
ences of longitude, 15°' to an hour ; and, if the altitude wa.s 
observed A.M., they will show the differences of longitude 



, Google 



71 



of hvo poiiits in. tlie required arc, west of the meridian of 
Z J but if the altitude was P.il., east of tlie meridian of Z ; 
these two points having the assumed latitudes respectively ; 
name that point which has the least assumed latitude, A, 
and the other, A'. 

Do the same with the second altitude ; and name that 
point which has the least assumed latitude, B; and the 
other, B'. The di£ferences of longitude of B and B', will 
be reckoned from Z', and not from Z. 

4th. Project on the chart, plate 11, the four points A, A', 
B, B', in their respective latitudes ; and distant their re- 
spective differences of longitude, from the meridians of 
their respective poles Z and Z'; (which poles are distant 
from each other a difference of longitude equal to the 
elapsed time turned into degrees;) and the points must 
lie projected on that side of these meridians, designated by 
A.M. and P.M. times of observation. 

ESPLANATOKY NOTE. 

Project A in its respective latitude, and in anp assumed 
longitude; if A.M., mark it "A, west of Z;" (so many 
degrees as have been found from the corresponding appa;rent 
time from noon ;) but if P.M., mark it "A, east of Z," (so 
many degrees.) 

Project A' in its respective latitude, but with a difference 
of longitude from A, (east or west,) equal to the difference 
between the longitudes of A from Z, and A' from Z ; and 
mark it "A' (east if P.M., or west if A.M.) of Z," (so many 
degrees and minutes, as the case may be.) 

Now to project B, B', with reference to A, A', we must 
first find ttae difference of longitude of A from Z' ; because 
their differences of longitude are not reckoned from Z, but 
from Z'; this is done by means of the elapsed time, or the 
difference of longitude between Z and Z', thus : 

I. If both observations be A.M., then difference of longi- 
tude of A, west of Z' = difference of longitude of A, west 
of Z — difference of longitude of Z', west of Z. 

II. If both observations be P.IVL, then difference of longi- 
tude of A, east of 7/ = difference of longitude of A, east 
of Z + difference of longitude of Z, east of Z'. 
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m. If one observation be A.M., tbe other P.M., then 
difference of longitude of A, east of Z' = difference of 
longitude Z', west of Z — difference of longitude of A, 
west of Z. 

Project B in its respective latitude, with a difference of 
longitude from A, (east or west,) equal to the difference 
between the longitude of A from Z', (found by one of 
these three rules,) and B from Z', (found by method 3, B,) 
mark it "B (east or west) of Z', (so many degrees.") 

Project B' in its respective latitude, with a difference of 
longitude from A, (eaat or west,) equal to the difference 
between the longitudes of A from Z', and B' from Z' ; and 
mark it " B' (east or west) of Z', (so many degrees.") 

5th. Join by straight lines A and A', B and B' ; and if they 
do not intersect each other, produce them to an intersection; 
and if the ship has not changed her station between the 
observation, this intersection will be in the true latitude. 
But, if the station has been changed, then in the direction 
of the course made good, set off the distance from an^ 
point in the straight line A A'; through tMs point draw a 
straight line parallel to A A', and its intersection with B B' 
is the true Mitude; corrected for change of station. 

6th. From this point let fall a perpendicular upon A A', 
and the length of this is the correction in miles to the first 
altitude ; additive, if the course sailed was towards Z, sub- 
tractive, if from it. 

7th, Produce tliis perpendicular towards the pole of 
illumination Z, and the angle it maizes with the meridian 
is the sun's true aaimuth. 

8th. The differmee of longitude between any two points in 
either one of the two straight lines, is the error of longitude 
consequent to an error of latitude as great as the difference 
of latitude between the same points at their respective 
times of observation. 

Example V. 

[From BowJltch.] 

" In a ship mnnuig N. by E. § E. per compass, 9 miles 
per hour, at lO"" A.M., per watch the correct altitude of 
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the sun's centre, was 13" 18', bearing S. | E, per compast? ; 
at 1'''40"' P.M. per watch, the altitude of the centre was 
14° 15'; the declination being 23° 28' S.; the latitude by 
account, 48° 17' N. Eequired the trae latitude." 

And also by this method is shown the true correction 
of the first altitude for change of station ; the sun's true 
azimuth and errors of longitude by chronometer, conse- 
quent to any error in the latitude, when the time is noted 
by chronometer. 

1st. The elapsed time, 3'' 40"" is equal to 55°, or the dif- 
ference of longitude of Z' west of Z, (plate II.) 

2ci. The two latitudes less and greater than the latitude 
by account, are 48° N. and 49° N. 

3d. Eind the apparent times from noon (metliod 3, B) 
with these latitudes, for each altitude. 



POR THE FIRST ALTITUDE, IS" 

For a point A, in laiiltide 48' 

Lat. 48 N. - - - - 
Dec. 23 28 S. - 


18' 
' N. 

see. 
sec. 

log, 


a,m:. 

0-1744E) 
0-03749 


Snra. 71 28 iiat. cos. 31786 
All, 13 18 Mt. sin. 23006 

diff. 8781 


3-94354 



2 4 6 = log rising, = 4-15552 

2 4 6 = 31° 1^' or diif. longitude (west, because 
A.M.) from Z, of the point A, in latitude 48° N. 

To?' a poiiTi A% in Miiude 49° iV. 

Lat. 49 K. - - - - sec. 0-18306 

Dec 23 28 S. - - - - sec. 0-03749 



Sum. 72 28 not. Cos. 30126 

O Alt. 13 18 nat, sin. 23005 

diif. 7121 log, 3-85254 

!' 62 37 = log rising, = 4-07309 

1 52 37 = 28° 9^' or diff. longitude (west, because 
A.M.) from Z, of tile point A', in latitude 49° N. 

[10] 
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For the second altitude, 14° 15' P.M- 
For a point B, in latikide 48° iVi 

Lat. 48 N. - - - - sec. 0-17449 

Dec. 23 28 S. - - - - see. 0-03749 

Sum. 71 28 Mat. eos. 31786 

O Alt. 14 15 nat. sin. 24612 

diff. ' 7174 log, 3-85558 



1 5i 53 = log rising, = 4-06756 

1 51 53 = 27" 58J' or diff. longitude (cast, because 
P.M.) from Z' of the point B in latitude 48" N. 

For a point B', in laUtude 49° M 

Lat. 49 N. - - - - sec. 0-18306 

Dee. 23 28 S. - - - - soc. 0-03749 



Sum. 72 28 nat. cos. 30126 

O Alt. 14 15 nat. sin. 24615 



5511 log, 3 '74123 



1 38 51 = log rising, = ; 

1 38 51 = 24" 42|' or diff. longitude (east, 
P.M.) from Z', of a point E', in latitude 49" N. 

4th. To project A, A', E, B', plate U. 

, ( In latitude 48° N., and in any longitude, project a 
■ ( point; mart it "A 31° IJ' west <f Z." 
("From 31° IJ' = long, of A, west of Z, 
^' J Subtract 28 9^ = long, of A', west of Z. 

(Diff. is 2 52i = long, of A', east of A. 
Project A', then, in latitude 49° N., 2° 52^ east from A, 
and mark it "A' 28° 9^' pjesi of Z." 

Now find the difference of longitude of A from Z'; one 
observation is A.jVr., the other P.M., (see rule.) 

Z' is west of Z = 55° 00 by the elapsed time. 
A ia west of Z = 31 01^ 

A, then, is east of Z = 23 58i 
Mark A, then, also, "^ 23° 58^' east of ZT 
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{From 27° 58^' = long, of B, east of 71, 
Su"btract 23 SSg = long, of A, east of 11, 
Diff. is 3 691" = long, of E, east of A. 
Project B, then, in latitude 48° N., and 3° SQI' east 
from A, and mark it "5 IT 58^' ea&t of Z'" 

rFrom 24° 42|' = long, of K, east of 71, 
-^ ) Subtract 23 58| = long, of A, east of 71, 

Iciff. is 44i = long, of B', east of A. 
Project B'j tlien, in latitude 49° N., and 0° 44|' cast 
from A, and mark it "5' 24° 42|' east of ZT 

5tli. Join A, A'j B, B', with straight lines ; from any 
point in AA', as for instance A, set off a point D, 33 rnUea 
N. by E. I E. ; through D, parallel to AA', draw a straight 
line DL; its intersection with BB' at the point L, is in 
the true latiiude at the time of the second observation, 
namely, 48° 51 \' N. 

6th. From the point L, let fall a perpendicular LC on 
AA' ; and LC is the correction in miles of the first altitxide 
for change of station: namely, 22 miles snbtractive by 
the scale. 

7th. Produce LC, totvards Z, and it will make an angle 
CxJM, with the meridian ; this angle, or its opposite, which 
is the same, is the sun's true azimuth, equal to S. 28° 16' 
E., or 2 ^ points from S. nearly ; and at the first observation 
the sun bore S.S.E. | E. nearly. 

8th. If the chronometer time had been noted at the 
first observation, in order to find the longitude by chro- 
nometer, and a second observation had not been observed, 
the true latitude being, as we will suppose, 48° N. ; then 
the ship would have really been at the point A, in the 
straight line AA'; but if the latitude by account had been 
erroneous 20' to the N; or 48° 20' had been used to find 
the "apparent time at the ship," instead of 48" N., then 
the error of longitude by chronometer would be equal to 
the difference of longitude between A and the point P in 
the line AA', in latitude, say 48° 20' N. or 57' of longi- 
tude ; that is one mle error of latitude gives nearly three 
mnutes error of longitude in this case. 
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The latitude found above is 48° 51^' N., the latitude by 
Bowditch, old editions, is 48° 55', by two operations ; new 
editions, 48' 54'. The cause of this difference affords a 
good opportunity of testing the correctness of this method, 
without impeaching the accuracy of his rides. 

The reason of this apparent difference is, that he has 
accidentally stated the sun's bearing to have been S. | B., 
instead of S.S.E. ^ E., at the time of the first observation. 
It is an error of no consequence in itself, as it serves to 
exemplify his rules as well as the true bearing would. 

This method gives 48° 55' for the latitude, supposing 
the sun to have borne S. | E. ; and Bowditch's method 
gives 48° 51^' for the latitude, if the sun bore S.S.B. ^ E. 
IPor the latitude of the place of the first observation by this 
method, is 48° 19'; and by his, 48° 23', the dec. is 23° 28' ' 
S., and the first altitude 13° 18'; we have, then, 



All. 
P. D. 
Lat. 


13' 
US 

48 


IS' - 

28 
19 


COS. 

aziimitli from K 
azimuth from 8. 


soc. 0-OUSl 
S8C. 0-17717 


Sum. 


175 


05 - 


COS. 8-83238 


^ Sum. 
P.D. 


87 
113 


82i 

28 




Dili 

2 + 


2.5 

75 
151 
180 


55J 

52 

44 0"« 

00 


COS. 9-95394 
3)18-77530 
= 9-38705 




28 


16 O'b 





If calculated with latitude 48° 23', the o's azimuth will 
be 28° 06', only 10' difference. 

Now S.S.E. i E. is S. 28° 07.' E. So it appears thai the 
sun bore S.S.E. ^ E. nearly, and not S. | B. 

Let us see, that supposing the sun bore S. | E., the two 
methods agree. Erom L, plate II, ike true latiittde, draw a 
line LP, parallel to AD, meeting AA' in P ; it will he 33 
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milea in length, on a course S. by W. | W., or N. by E. | 
E. ; and P will be the place of the first observation. 

Upon P, erect a perpendicular Py, which will be the 
sun's true bearing (S.S.E. ^ E.) at fost observation ; the 
angle yPL is the angle of the course sailed with respect 
to Py, or the sun's bearing ; make the angle yPs equtd to 
1| points, and Ps will be in the direction S. | E. ; make 
angle LPp, equal to yPs ; then yPp will be the angle of 
the course sailed with respect to Py, if the sun bore 8. | 
K ; from P set off the point, p, on Pp, at the distance of 
33 miles; through p, draw a straight line pq, parallel to 
AA', and the intersection at q is the true latitude, 48° 55', 
if the sun bore S. | E, ; which is the same as Bowditch. 

Erom q, let fall a perpendicular on AA', meeting it in 
c' ; qc', should be the correction in miles to be subtracted 
from the first altitude if the sun bore S. | E.; this distance, 
qc', measured on the chart, is 29 miles; now 29 miles is 
the correction in reality used by Bowditch. 

Thus it appears the two methods agree, but that the 
tnie azimuth is apparent by this method on inspection ; 
and we learn, that an error of 1| points in the sun's 
bearing, by his method, makes an error of about 4 miles in 
the latitude, in this example. 



The preceding problem includes the whole theory of 
double altitudes by this method; and however useful it 
may prove, it becomes much more .so, when the times are 
noted by chronometer; for then the longitudes of the 
points A, A', B, B', become known at once ; and thus the 
"elapsed time," wiU not appear as such in the problem; 
for it enters into the longitudes of the points B, B', placing 
them so much further tvest as greater time elapses between 
the observations ; thus we shall only have to find in the 
usual way, the longitude of the points by chronometer, and 
project them in their respective longitudes from Green- 
wich, and assumed latitudes. 

And likewise, in accordance with problem III, when the 
latitude is uncertain, a dngle altitude of the sun becomes of 
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great value to determine the ship's position, because it 
shows the bearing of the land at any hour; in fact, as 
Useful as two altitudes by any other method, when the 
times are noted by a common watch ; add of equal value 
with a meridian observation ; because these only show the 
hearing-of the land, in the parallel of latitude ; this last only 
once in day ; and the first usually requires two opportunities 
for observation. 
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lY. 

APPLICATION OF THESE PEINCIPLES TO THE PISED 
STAES, PLANETS, AND MOOK. 

Double altitudes may bo classified as follows: 

Class I. 
When the same lody is observed at two diferent times. 
Case 1. The sun. 

2. A fixed star. 

3. A planet. 

4. The moon. 

Class II. 
When two different lodies are observed at the same time. 
Case 5. Two fixed stars. 

6. Two planets. 

7. A planet and fixed star. 

8. Moon and fixed star. 

9. Moon and planet. 
10. Moon and sun. 

Class III. 
Wheit one body is observed at one time, and a different body at 
another time. 
Case 11. Two fixed stars. 

12. Two planets. 

13. A planet and a fixed star. 

14. The sun and a fixed star. 

15. The sun and a planet. 

16. The moon and a fixed star. 

17. The moon and a planet. 

18. The moon and the sun. 
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It 19 plain tliat the same results will follow, if any celes- 
tial body is used, from whicli the apparent time at the ship 
can be known. It will be only necessary to consult the 
epitome upon the manner of finding the apparent time by 
any object observed; and apply this time in the same 
manner as when it is found by the sun's altitude. 

The apparent time for the assumed latitudes can be 
found from any of the fixed stars, or planets, with accinracy, 
with a good horizon, and from the moon, when her right 
ascension and dechnation can be had. In all these cases, 
the arcs of the parallels of equal altitude corresponding to 
each altitude, are to be found in the same way as before. 
If the apparent time at the sliip can be found from the 
altitude by any of the rules in the epUome, and the chro- 
nometer time is noted, then the latitude and longitude of 
each point may be at once projected, as in the case of the 
sun ; and if the times of observation be noted by a common 
watch, then it may be assumed that the "watch" shows 
approximate Greenwich time, by allowing its error, if fast 
or slow, as in problem III, practical part. The above will, 
in general, be the most simple method. 



But we may also proceed as follows, the times being 
noted by watch. 

Assume two latitudes, as before, with which, and the 
true declinations of the body at each observation, and the 
correct central altitudes, find the hour angles, or apparent 
times from noon, (method 3, B,) turn these times into 
degrees for their respective differences of longitude, (east 
or west; according to which side of the meridian of the 
place of observation the body was observed,) from their 
respective poles Z and Z'. 

The points A and A' can be projected, as before ; but to 
project B, B', with reference to AA', the value of the arc 
ZZ' must be found by one of the following rules ; because 
the elapsed time without a correction turned into degrees 
will not in all cases express the difference of longitude 
between Z and Z'. 

This being done, BB' can be also projected, and the 
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mtersection will show the true latitude as before, allowing 
for change of etation. 



All cases in which the moon ^ one of the bodies, will 
be liable to error, unless the ship's position in longitude 
is nearly known beforehand, for her right ascension and 
declination must be known with accuracy at the time of 
observation, her motion being greater than any other 
body ; in case 4, however, it is only hourly motion in right 
ascension and the declinations that are required, and these 
can be ascertained nearly enough for common use. (See 
Appendix, Bowditch.) 

The sun's and planets' proper motions are much slower, 
and their right ascensions and declinations can be had 
accurately. 

The arc ZZ' is greater than 180° (or must be subtracted 
from 360°) when the great circle which passes through the 
positions in the heavens, in which the bodies wore ob- 
served, passes also ielow the elevated pole, the bodies being 
also observed on different sides of the meridian. In all 
other cases ZZ' is less thsm 180°. 

All bodies situated below a great circle passing through 
the east and west points of the horizon and the elevated 
pole are below the pole. 

Care must be taken not to mistake wMch pole, Z or Z', 
belongs to which object ; for this purpose it wiU be useful to 
remember, that the body which has the greated altitude 
has its pole of illumination the nearest to the observer ; and 
always name the eastern pole Z, the western one Z'. 

The nearer the bodies are observed at right angles to 
each other, whatever method of calculation is used, the 
more likely is the result to be accurate. 



Two of these bodies may be observed, either both east- 
ward from the meridian^ or both westward; or one easttvard, and 
one %mstward; and in this respect, the times of observation 
are similar to the two altitudes of the sun, which are ob- 
served either both A.M., both P.M., or one AM., and one 
P.M.; in every case, for uniformity, it will be proper 

[11] 
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always to call the emtem pole Z, and the western pole 7/ ; 
and having found the value of the arc 2,7.', to project the 
points A, A'j B, B', eastward or westward of Z and Z', as is 
designated by the body's having been observed when east 
or west of the meridian. 

"With the exception of class II, in aU cases in "which the 
sun is not one of the bodies, a correction is to be applied to 
the elapsed time, and is that quantity which is called XS 
in the following formulas. 

The motion of the stars is quicker than that of the snn ; 
it takes the sun 24 mean solar hours to make an apparent 
revolution round the earth; but the stars do the same 
thing in about 23" 56"; in any given elapsed time, then, 
the stars will be a proportional distance west of the place 
where the sun would have been, had the snn been the 
body observed, the elapsed time being usually noted by 
watch, which shows solar time. The motion of the planets 
and moon is compounded of this motion, and their own 
proper motions in right ascension and declination. 

This correction is 9*'85647 for every hour of elapsed 
time. The following table is calculated to make this 
allowance in those cases where it is requu-ed. 

TABLE 
tlie value of XS, in the formulas, during ET 
(Elapsed Time.) 



ET 


XS 


ET 


XS 1 


Hours. 


mln. BOO. 


min. 


see. 1 


1 

3 
4 

5 
6 

7 
8 

10 
11 

13 


09-856 
19-713 
39-S69 
30-436 
49-283 

50-139 

1 08-995 
1 18-853 

1 98-708 . 
1 33-565 
1 48-421 
1 58-378 


1 
3 

3 
4 
5 

10 
15 
20 
S5 
30 
35 
! 40 

: 45 

50 
55 
GO 


0.164 EXAMPLE. 

0-339 Tlie Elapsed Time is 

0-493 5h i7m^ -^vhab is the value of 

0;^]^ "ET+XS." 

\f^^ 5- =49-282 

2-404 15>"= 2-464 

3-285 2"'== -329 

4-107 

^.^29 §3 -075 = XS 

Viii 5 17 00 =:=ET 




8-314 Kas-H^ 17"' 52= = ET + XS. 

9-035 ' 

9-838 
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FOEMULAS OR RULES 

To find Urn value of the Arc of ZZ' in hours, minides, and 
seconds, wUch, leing turned Mo degrees, 15° to an hour, gives 
the diff. long, between Z and Z'. 

Class I. 

When tlie same body is observed at two different times. 

Case 1. The sun 

ZZ' = ET, or the elapsed time. 
Case 2. A fixed star 

ZZ'-ET + XS. 
Case 3. A planet 

ZZ' = ET + XS {^} planet's motion in E. A. 
during ET, if E. A. is {^™;;,|.J 
Case 4. The moon 

ZZ' = ET + XS— j)'s motion in E. A. 
during ET. 

In explanation of the rules. In Case Ist it has already 
been seen, that ZZ' is equal to ET ; but let P, (plate VIH, 
fig. 1,) be the elevated pole, ESS'W be a parallel of de^- 
clination on which the R. A. is reckonedj HH' a part of 
the horizon, the place of the observer on the eartli's sur- 
face, and PO the meridian passing through P and 0. The 
arrows show the direction of the apparent motion. 

Let S be the sun at the first observation. It is vertical 
to Z, below. the horizon. After an elapsed time, the sun 
is again observed at S' ; S' is vertical to Z' ; the arc SS' is 
described by the sun, at the rate of 15° per hour of ET ; 
the are ZZ' is then described in the same time ; for the 
earth is a sphere, concentric with the celestial sphere; 
and difference of longitude between Z and Z'', or the arc 
ZZ'j is equal to the apparent difference of E. A. of S and 
S', and is expressed by the elapsed time turned into de^ 
grees, 15° to an hour; therefore ZZ' = ET. 

Case 2d, (lower portion figure 2.) Let » be the position 
of a star. After an elapsed time by watch sliowing solar 
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time it will at *' ; if it had been the sun, the second alti- 
tude would have been tali;en when he was at © S, and the 
arc * S would be equal to ET = ZZ' ; but since the star 
moves quicker than the sun, it will have reached the posi- 
tion *' at X, during the elapsed time by watch ; being an 
excess = the are XS ; * is vertical to Z', and *' is vertical 
to Z ; ZZ' then is equal to »•' or = ET + XS ; but since it 
is required to reckon the difference of longitudes of Z and 
Z' from 0, the place of the observer on the earth's sur- 
face, ZZ' must be taken greater than 180° ; that is, ZZ' in 
degrees, must be subtracted from 360° ; because the great 
circle GC, which passes through the positions where the 
body was observed, and also observed on different sides of 
the meridian, passes hehw P, the elevated pole. 
This case is a simple one. 

Case 3d (upper portion, figure 2.) Let P be the position 
of a planet when first observed ; it is vertical to Z ; after 
an elapsed time by watch, it may be talten at P', vertical 
to Z' ; therefore ZZ' = PP'. If it had been the sun, it 
would have been observed at S© the second time; but 
PS = ET ; and being a star, the correction XS must be 
added as before ; and ? is the place in which it would have 
been observed, had it been a fixed star ; but during ET, it 
has moved from f to P', by its own proper motion in E. A., 
towards the east ; * P' then must be subtracted (the K. A. 
increasing:) we have then (PX,) or _(ET + XS)— (XP', or 
planet's motion east, in R. A,, during ET) = PP';=ZZ' 
as in the formula. If the planet's proper motion be to the 
west, or E. A. is decreasing, it must be added to ET+XS. 
This is an easy case, by this method. 
Case 4. The moon, figure 2. This is sufiiciently ex- 
plained by the last ; the moon's motion in K. A. being 
always K, is always subtractivc. 

Class II. 

When two different bodies are observed at the same time. 

ZZ'= difference of E. A. of the bodies at the instant of 
observation, in all the cases of this class. 

In figure 3, the objects are observed on different sides of 
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the meridian PO ; and the great circle GC passes above the 
pole P; ZZ' is therefore less than 180°. But in figure 4, 
the objects are observed on different sides of the meridian^ 
and the great circle GC, passing through the position of 
the two objects, passes also helow the pole P ; therefore, 
ZZ' will be greaier than 180°; then the difference R. A. 
must be turned into degrees and subtracted from 360° to 
find ZZ'. 

In the two cases in figure 5, because tho objects are both 
observed on the smu side of the meridian PO, ZZ' is less 
than 180" in both cases, although in one case GC is above, 
and in the other helow the elevated pole. 

It is evident ZZ'^ difference E-A. of the bodies, in all 
these eases. 

Those cases of this class, in which the moon is not one of 
the bodies, are important, as the observations can be fre- 
quently talcen with great accmacy; particularly in the' 
twilight, and they are attended with but little more trouble 
than the observations of the sun, because it is not required 
to find the "apparent time at the ship" but only the hour 
angle, or that time which is found (method 3, Bowditch,) in 
Table XXIII, in column, "log rising." 

Butj if the apparent time at the ship be found for one 
point in each arc, and the chronomeicr time be noted for 
each altitude, then the longitudes of the other points, A', 
B', may be found, and the position of the ship in latitude 
and longitude. 

The RA. of the fixed stars and planets, is, too, readily 
found, in the large edition of the nautical almanac. 

Class III. 

When one body is observed at one time, and a diftbrent 
body at another time. 

This class comprehends a great variety of circiunstances, 
imder which the bodies may be observed. By a few ex- 
amples, the manner of finding the value of ZZ', in any 
case, will be understood. 

Let A, figure 6, be the eastern body, and the first ob- 
served ; and B, the other body, westward from it. 
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The arc AB, is the difference of K.A. of the bodies at 
the time of the first observation. After A is observed, 
and a time has elapsed by watch, A will have advanced 
westward to a point S ; and B will have reached T ; let B 
be now observed at T, and TS is the difference of UA. of 
the bodies at the time of the second observation. 

If A be the sim, the arc AS will be equal to the elapsed 
time, ET ; and ZZ' is equal to the sum of the arcs AS, and 
ST ; that is, 

ZZ'=BT + (difference of R,A. of the bodies at the time 
of the second obsenxdion.) 

And ZZ' is less than 180°; becanse GC is alove the ele- 
vated pole. 

If A. be a fixed star, it will arrive at X, in the same 
elapsed time, instead of S ; then, TX wiU be the difference 
of R.A. of the bodies at the time of the second ohervation; 
and AX+TX=ZZ', that is, 

ZZ'=ET+XS + difference of E.A., at the time of the 
second observation. 

If A be apknet, and have no proper motion in E.A., it 
will be the same case as the last, and will arrive at X ; but 
having arrived at X, if it have a proper motion in R.A., 
increasing, (or going E.,) it will during ET, arrive at some 
point b ; and Tb will be the difference of R.A. at the time of 
the second observation ; we have then, ZZ'=:AT==^ET + XS — 
(Zb, or planet's motion in II.A., during ET,) -j- difference of 
E.A. at the time of the second observation. 

But when the planet's motion in R.A. is westward, (or 
decreasing,) then it will arrive at some point a, during ET, 
and Xa must be added. Ta will then be the difference of 
E.A. at the time of the second observation. 

If A be the moon, her motion in E^A., during ET, being 
always east, (or increasing,) must be always subtracted, 
and we have 

ZZ' = ET 4- XS — Xb + R.A. at the time of the second 
observation. 

Figure 7. If A be the eastern body, and B, the western 
body, be first observed, and A be not observed until it 
reaches S, having passed the position in the heavens where 
B was observed at B, then, 
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If A be tlie o ; AS, is tho elapsed time, and AB, the 
difference of E.A. at the time of the first observation ; 
SB is equal to ZZ', and ZZ' = ET — difference of E.A., at 
the time of the first observation. 

But if B be the sun, TB is the elapsed time, and TS 
the difference of E.A at the time of the second observa- 
tion, then 

ZZ' = ET — difference of R.A. at the time of the second 
observation. 

Figure 8, If A be the sun, the eastern body, and Jirsi 
observed, then after an elapsed time, it wiU reach S ; and 
B, the other body, will reach T, which then observe ; then, 
AS = ET ; and TS = difference of R-A., at the time of tlie 
second observation ; and AT = ZZ'; then 

ZZ' = difference of EA. at the time of the second ob- 
sei-vation — ET. 

The bodies being observed on the same side of the 
meridian, ZZ' is less than 180°. 

In figure 6, A, the sun, was also the eastern body, and 
Jirst observed, but the rule for finding ZZ', is different, 
because both objects were above the pole, and the apparent 
motion was from east to west ; but in this case, both bodies 
being Mow the pole, the apparent motion is reversed, or 
from west to east, and in this case we might with propriety 
call A west of B, although it appears to be east of it, and 
will appear so, when both are above the pole. 

In this manner, by attention to the drcmnstances of the 
observation, a rough diagram may be made, and the value 
of ZZ' may be readily found ; and it will be necessary, for 
this purpose, for one of the cases of " Class III," to notice 

Ist. What iwo bodies are used. 

2d. Which was first observed. 

3d. Which was the eastern. 

4th. Which side of the meridian was each observed. 

5th. Did the great circle passing through the positions 
in the heavens where the bodies were observed, pass also 
lehw the elevated pole ? 

6th. Was the second body observed before, or after it 
1 the position in the heavens, where the otiier body 
' I observed? 
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These two last considerations will seldom be required, 
but to include all possible circumstances they are given. 

By using discrimination in the bodies used, these obser- 
vations will be found useful, and, when familiar with the 
principles, they wiU be found quite simple. 

The motion of the planets in RA. is generally small 
during ET, and can, for the most part, be neglected ; a 
glance at the Ephemeris of the planets in the nautical 
almanac, is sufficient to determine this. The planets wUl 
be found exceedingly useful for these observations ; or for 
meridian observations for the latitude; but the moon cannot 
always be relied on for a meridian aJtUude, because her 
meridian aUikide is not always her greatest altitude ; and 
unless the ship's position in longitude, or the Greenwich 
time is weE known beforehand, it will be impossible to be 
accurate in finding her right ascension and o " 
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CUEEENTS m THE GUIF OF MEXICO AND THE 
FLOEIDA STEEAM, 



By plate IX, are shown the currents experienced in the 
Gulf, in June, 1840. 

The poation of the ship was found by the method of 
projection ; and the accuracy of the work was tested by 
the usual meridian observations, and chronometer dghts, the 
sun bearing E. or W. 

The land. was not seen, neither any light, after leavmg 
the Mississippi. Soundings were had on the Tortugas 
Bank, on the evening of 2l8t June, but the ship was some 
20 miles further E. than marked on the chart for the noon 
of that day ; for only the distances, made good from noon to 
noon, are shown by the chart. 

The full black line '- ■■ ^ shows the true course and 

distance daily, by chronometer, &c. 

The light black line shows the course and 

distance by log, carefully attended to ; and is carried out 
without correction for the observations, for tlie whole dis- 
tance from the 10th to the 25th inclusive. 

The dotted lines show the daily courses and dis- 
tances by log, reckoned from the position of the ship at 
each preceding noon determined by observation ; and the 
daily differences caused by ciurents. 

The arrows point in the direction of the current, and 
the velocity is marked in mUes and parts. To prevent 
confusion on the chart, they are placed at the ends of the 
dotted Hues. They should be referred to the full black 
lines, in order to show the plaee where the currents existed ; 
thus, between 18th and 19th, on the full black line, the 
current was S. by W § W., 2j miles per hour. 

The iigure of the ship on the 10th, shows which way she 
headed, while the full black line shows which way she was 
going over the ground. 
[12] 
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Extract from the Journal 
IN THE GULF OF MEXICO. 
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IN THE FLOEIDA STREAM. 

strong I do. I 70 13 1 



it in every direction in 15 days = 735 miles. 



It will be seen by the plate, that if no observation liacl 
been taken, that the dead reckoning placed the ship in the 
fair way of the stream, on tlie \^th of June. But, if a 
course had then been shaped to the northward, a nni of 
40 hours would have put the ship ashore, in about longi- 
tude 84°, latitude 30". 

The various directions and velocities of the currents, and 
the uncertainty of their duration, show how little depend- 
ence is to be placed in any " reckoning " when thick wea- 
ther prevents observations, and that a good looli-out, and 
attention to the lead are essentially necessary. 
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THOMAS GROOM & CO. 

IMPORIESS OF 




STATIONERS' HALL, No. 82, STATE STREET, 
BOSTON. 

T. GROOM & CO. are constunlly receiving large supplies of English and 
French Stationery, direct from some of the best houses and maimfactnrers in 
London and Pans, comprising every vaviety of articles adapted for tlie use of the 
Connting House, Bank, InsHtance Office, &c., among which may be mentioned, 

FAFSSIS. 

WniTwo Papers, of all sizes, for Blank Books ; Drawing PiPKns, in sheets 
and rolls; Note Papers, iu great variety; colored and white Tissue Papeh, 
together wilh the largest assortment of Fancy Papek to be found in New 
England. 

T. G. & Co. have b9en appointed sole Agents for the Now 
England States for the sale of the manufactures of 

THOMAS DE LA RUE & CO., LONDON, 

and they are now receiving from them a full assortment o! 
■Writing and Fancy Papers, Envelopes, PortfoUos, To-ti3n;sts' 
Caaos, Pocket Booka, PlayinR Cards, Scaling Wax, &o. &c., to 
which they invite the attention of the trade. 
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ACCOUNT BOOKS. 



THOMAS GHOOM & CO. 

STATIONEIIS' HALL, No. 82, STATE STEEET, 

NEAR MERCHANTS' ROW, BOSTON. 



Ledgers, Joumals, Records, Wastes, Letters, Invoice, 
Sales, Cash, Dockets, &c. 

They also manufacture tii order ill the 




T. G. & Co. have just published the sixth editioii of tlie 

SEAMAN'S FRIEND, 

Containing a treatise on Praetical Seamanship, 
tt ith Plates ; a Dictionary of Sea Terms ; customs 
and usages of the Merchant Service ; Jaws relating 
to the praetical duties of Master ani^. Mariner. By 
E. H DANA, Jr., author of "Two Years before 
the Mast." 
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